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ABSTRACT 

The methods and problems encountered in the 
development of a ♦prototype human resources data handbook are 
discussed. The goal of the research ¥as to determine whether it was 
feajsible to consolidate^ in a single comprehensive handbook^ human 
resources data applicable to system design and development. Selected 
for this purpose were data on the functions performed by the 32XXX 
avionics career field on the fir^ control system of nine Air Porce 
fighter systems. The report discusses the methods used and the 
problems encountered during the development of the prototype 
handbook. The prototype handbook^ presented in Appendix A, was 
desigiied for ease of use and was organized into three major data 
sections. Section 1 was reserved for data comparisons on system 
design^, training^ manpower^ occupational tasks,, maintenance 
procedures^ etc. Included in Section 2 were data on past^ current^ 
and projected numbers of personnel^ various skill levels^ etc. 
Section 3 was reserved for technical information that could' be 
generalized to a wide variety of problems. Included in the last 
section were data on the effects of task difficulty^ error rates in 
performing maintenance activities^ performance time^ and experience 
level. An alphabetical index of contents concludes the handbook, 
(Author) 
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1. PROPLEM ^— ^ • 

The import ance of Alt Tor human resources'^to overall -system 
effectiveness Is drawing considerable attention among decision makers 
involved in system dcs^ign and- development. -This interest is f Irm ly- ~ — 
rooted in economic factors and the realization that human resourcdl* f/' 
contribute heavily to the total llf^cycle cost of* systems. If hdWn % 
resources ..data are to be used effectively in the system engineering 
process^ it follows that they must be made available to this process. 
Unfotuinately, howeviir, human resources data are scattered throughout ^ 
government and contractor facilities^ data banks, operational com- 
mands^ etc. Unlike other areas of technology there has been no : 
attempt to consolidate human resources data into usable reference 
handbooks or guides. The purpose of this research, .then, was to 
determine the feasibility of such a handbook or guide. It seemed 
desirable, however, to develop a limited prototype as a first step.^ 
Since the focus was on demonstrating the feasibility of the concept, 
this effort was carried to the eiiient required to accomplish this 
purpose. 

2. APPROACH 

The first step was to ildentlfy the desirable characteristics of 
an ideal handbook. Design requirements were then-extracted from these 
characteristics to serve as guidelines for the development of a proto- 
type handbook. These guidelines included the: (1) identification 
and selection of potential user groups, (2) selection of data content, 
scope, and data sources, (3) methods for data analysis and presenta- 
tion, and (4) design of the physical layout of the handbook. 

For the development of the prototype handbook, it was decided to 
limit the target user group to those Involved in the design and 
development of fire control systems. Included in this group were 
specialists in human factors, design engineering, personnel and 
training, and cost. The selection of data content and scope were 
dictated by the needs of these users • For ^th'^^vtrrptmr-of the proto- - 
type handbook, the data were limited to the functions performed by 
the Air Force 32XXX avionics career field on the fire control system 
of nine fighter aircraft systems. These systems Included the F-106A/B, 
F-105D, F-4C, F-4D, F-4E, F-lllA, FB-lllA, A-7D, and the F-15. Data 
were then collected from a variety of sources, including technical 
and management^ reports, teelinlcal orders, computer banks, surveys, 
expert opinion, etc. The data were combined, analyzed, and prepared 
for presentation in the handbook. Close attention was paid to the 
datk formatting to Insure easy interpretation by potential users. 
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Emphasis was placed on!' illustrations at the expense of text. All 
"written material was kept to a minimum and liinited to the specific 
data presented in the illustrations. Also, dn indexing scheme was 
developed to minimize data search time. Final^^ the physical layout 
of the handbook was designed for ease of use. With few exceptions, 
all information necessary to understand specific dat^ relationships ~ 
was~pT3rcea~ on a single page. 

3. RESULTS AND CONCLUSIONS 

The research discussed previously resulted In the development of 
a prototype data handbook. The contents were organized Into three 
major sections. The first section provided operational data relation- 
ships between specific systems and subsystems and the applicable popu- 
lation of Air Force human resources. The data Included comparisons 
between system design, training, support manpower, occupational jobs/ 
tasks, maintenance procedures, logistics support, and various costs. 
The second section included Information pertinent to past, current, 
and projected numbers of personnel having various skills and experi- 
ence levels. The purpose of this section was to allow the user^ to 
assess the Impact of .projected human resources on the design require- 
ments of systems under development or planned fdr future design and 
development. The third section was designed for more generallzable 
technical information. Included in this final section were data on 
the effects of task complexity, tlm^ required for Air Force malnten- 
aiice, personnel to acquire certain skills, performance time, error 
rates in maintenance, etc. Introductory material t6 the handbook 
Included the purpose, scope, organization, and the use of the 
Indexing scheme. 

4. DIRECTIONS FOR FUTURE RESEARCH 



The next step In handbook development should be to test and eval- 
uate: (1) the acceptability and usability of the handbook by potential 
users, (2) the acceptability of the data presentation and indexing 
techniques, and (3) the possible Impact of the handbook^on system 
design decisions. Test and evaluation should be conducted to assess 
the concept of this type of handbook,^ rather than to evaluate the 
data content. Recdmmendations reciting from this program can be 4 
used to guide the developihent of a more comprehensive handbook. 
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I. INTRODUCTION 



OVERVIEW OF THE PROBLEM 

The Importance of Air Force human resources to over^^^ system 
eiffectiveness presently is drawing considerable attention among ^ 
diecislon makers involved In systeitTdeslgn and development, This new 
Interest is rooted in basic economic factors and the realization that 
human resources contribute heavily to the total life-cycle cost of 
systems. Yet, as emphasized by Lintz et al,, (1973), the human 
resources requirements often are introduced late, or not at all, into 
the system design and development process. Wliy human resources have 
had little impact in this process was the subject of controversy and 
research for many years. Perhaps the problem cdn be reduced to 
factors associated with: (1) the period in system design in which 
human resources must be introduced for greatest impact, and (2) the 
eoiranunications among the many specialists involved in making system 
decisions . 

P After devoting many years to these two problems, Askren (1973) 
reported that the preferred point of enfcty is during the period In 
which syston design tradeoff decisions are made. In addition to being 
an ideal point of entry, this period also serves as a vehicle for 
maximum coranuni cations between the engineering and human factors 
specialists. 

If It is possible to determine the periods iti which human 
resources Information is best Introduced into system design, then 
why are these data often Ignored? Three interrelated problems appear 
to be responsible for this discrepancy. First, the definition of 
human resources and what the term* encompasses is vague. Second, the 
characteristics of the data remain unclear and are difficult to trai^Mc 
late into engineering requirements. The third, and perhaps the tno^*^ 
Important problem, pertains to the availability of human resoirp^rs 
data for application to the system design and development prodess. 
Each of these problem areas Is discussed briefly. 

A Ppf tnition of Human Resources Data To enhance communications, it 
is necessary that all. participants be able to understand the terms 
being used.' Unfortunately, there appears to be no general consensus 
on what human resources really means. Perhaps the best, and most 
inclusive, discussion on this topic was presented by Askren ^lyS) . 
Faced with a similar dilenma, he proceeded to develop his Ofwn defini- 
tion, which is quoted. In part, here: * 

Human Resources refer, obviously, to the people 
of an organization, be it a military unit, an 
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Industrial corporation, a governmental agency^ or 
educational activity. Human Resources concerns the 
people as a resource that can be drawn upon in the_ 
accomplishment of the purpose of the otganizatlont , • 
(These) resources may be llketted to other resources ^ 

^^^^^^^^^^^^^^^^^^^^ 

_ land, raw materials, etc,,, 

Htunan Resources Data.., are tjiose data which describe \ 

the people of an organization in terms of what they 

can contribute, how xrtuch they cost, how available * 

they are, bow perishable they are, and how many of 

them are needed. 

What people of an organization can contribute to ^ 
its purpose, refers. ..to their performance, capa- 
bility, productivity, etc. This could be the skill 
of the pilot... the capability of a maintenance man 
-to troubleshoot and repair a failed equipment. . , 
What the people of an organization cost is measured 
iquite simply as dollars (although) the dollar figiw^ 
is an exceedingly complex l^sue. . .Availability (is^ 
defined) as the probability that a given quantity \ 
of people of specific skill capability will be on- V 
site at the operational unit /as required by the '«*V 
weapon system schedule. . .Availability. ..la Influenced ^ 
by many factors such as quantity and the kind of 
career airmen, recruiting rate 5f new airmen, train- 
ing time of new personnel, transfer of experienced 
personnel from phasing-out systems, and attrition 
rate. Perishability of the human resources of an 
organization is partially measured by the attrition 
and turnover rate of people. However, a large part 
of perishability would have tc do with retention of 
useful skills... How many people are needed by an 
organization resolves to how many people, of what 
skill, and what level of proficiency #The quantity, 
type, and proficiency of personnel needed ultimately 
evdlves from their capability, cost, availability, 
and perishability. In one sense, this is the ultimate 
question asked by the manager of an organization* or 
the engineer with regard to his design (p. 5-7) > 

It is noteworthy that the definition of human resources is highly 
complex and encompasses many different factors. The definition pre- 
sented above includes five classes of data, namely, personnel (1) 
capability, (2) cost, (3) availability, (4) perishability, and (5) 
quantity. Implicit in the definition is the caution that these* classes*. 
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of data are not mutually exclusive. Also, the elements within these 
qlasses are interdependent. Nevertheless, this definition of human 
resources does provide the necessary specificity for comnuni cat ions 
and is used in this report for that purpose. ^ 

Characterlsdics of Human Resour^es^Data.— In^CQntraat^a~ather types^ 



of /data (for example, tfiosT^f'Wg'tneeang an^^ 
-hufaan-r^sources-4ata^re--u8ually-coutamimtfid by^atslde 
sOch as uncontrollable or unidentifiable variables that have an effect 
on the data. The differences between human resources data and data 
obtained under controlled conditions can be easily exemplified. The 
basic sciences normally obtain data from systematic rAearch in which 
the variables to be tested are well defined. Also, the experimental 
procedureiJ provide the appropriate controls, and the environment is 
well selected and described. The results of such experiments are used^ 
to confirm or disconfirm an hypothesis or set of hypotheses. Given 
that all conditions are met, the same results are obtained whenever the 
experiment is repeated. Human resources data, on the other handt are 
usually collected under operational field conditions or through experi- 
mental procedures in which the variables cannot be well controlled^, 
nie number of unknown or uncontrollable variables thpt impinge on the 
experimental results often prevents the Investigator from extracting 
meaningful and systematic patterns in the data, which would allow him 
to m6ke precise predictions. -Aside from the difficulties of providing 
adequate experimental controls, changes in economic, political, and 
operational philosophies contribute to the fluctuatibn of human re- 
sources data. Thus, for ex^imple, available manpower will often depfend 
on economic factors. 

The lack of precision in making predictl<3ns can 'be illustrated ^ 
the, effects resulting from the termination of the draft In January 
1973. Prior to the IntroduQtion of' the zero-draft force, it was 
thought that the number of high-aptitude personnel, (coming into 
ctiticiil Mr Force jobs) would decline drastically. Subsequent 
* research (Vitola et al., 1^74) has shown that the decline was in some 
areas of aptitude and not in others. Also, it was found that the 
removal of the draft did not result in a serious drop in average apti- 
ti^de, as had been expected. Obviously, there are many unpredictable 
social, economic, and political- factors that contributed to these 
findings. Yet, these types of predictions are necessary to determine 
trends of manpowe^ availability. 

The crucial difference between human resources and engineering 
data is that tm former are. dynamic and the latter are more static. 
The dynamic-static dichotomy is lltnited to the varying effects of 
numerous outside influences that impinge on human resources data. 
Thus, the same classes of data will vary from one time period to 
another depending on the specific conditioi%8 (e.g., the* socio-eeondmlc 
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environment) existing at the time that the data were collected* ot on 
the methods uled to collect tfte data,^ In contrast to the more static 
data/ precise cause-effect relationships are excee<iingly difficult to 
isolate. This' does not mean, however, that general principles, func- . 
tional relationships, or :trends cannot be established even though they - 
.iflttist depend on loosely defined statistical probabilities. The relation- 
ship between skill level, pei^formaace, and training, for example, can * 
be determined from data obtained in personal interview, questionnaires, 
observation, or other methods. The interpretation of these relation- 
ships, however, must be made with caution and with the realization 
that the relationships may change with time (i.e., the data may become 
rapidly obsolete), or with the introduction of new technologies* 

The purpose of the preceding discussion was not to paint a bleak 
picture of current state-ofrthe-art in human resources technology, ^In 
fact, the remainder of this report will proceed on the assumption that 
meaningful human resources data relationships can be sought, £palyzed, 
and reported. It is through this process that huinan resources infor- 
mation can be identified, defined, and finally introduced into appli- 
cable areas of system engineering. / i 

; ♦ ' , _ ; , ■, " 

Availability of Human Resources Data , Askren (1973) has shown that^ 
methods can be developed to insure that human resources data are giyen 
adequate consideration in the system engineering process. The appli- 
cation of these methods, however, is dependent on the availability of 
data% Unfortunately^Jiusj^an resources data are scattered throughout' 
various goverttm^irtrand contractor facilities, data banks, technical 
reports, operational commands, ^d in the form of expert opinion. Un- 
like other areas of.htmian factors technology (e.g,, human engineering) 
there has been no attempt to systematize and, consolidate htiman 
resources information into usable reference handbooks, guides, or even 
simple lists of data sources. If human ijjBSdurces data are to be used 
effectively (or used at all) in the system engineering process, it 
follows that they must be made readily available to the specialists 
involved in this process. Not only should the data be made ay^ailable, , 
h^t they must also be presented in a format that/ is easily understood 
bySspeciallstS iri different disciplines, 

m 

HISTORICAL ANTECEDENTS 

Rapid technological advances require that specialists be kept 
abreast with the new information in their specific area of interest. 
Computer-based reference systems, handbooks, and other fdrms of data 
storage are commonly used to enhance communications. In faqt, almost 
every field of technology has created effective measures to insure 
efficient and rapid dissemination of information to interested users. 
Traditionally, the major vehicle of communication has been the data 
handbook. More recently, computer-based data banks have played an 
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Increasing role in this process. Both of. these methods of information 
dissemination will be discussed in terms of their use\in*human factors 
technology in general, and human resources in particular.^ 

^ The Use of Handbooks . Recognition of the importance of reference works 
is demonstrated in the December 1963 Special Issue of Human Factors , 
the Journal of the Human Factors Society (Saul and Ronco, 1963). This 
issue of Human Factors contains thc^ various papers presented during a 
symposium at the 1963 annual convention of the American Psycholog-ical 
Association. The purpose was to critically appraise the state-of-the- 
art in documentation in the htaman factors field, identify the faults 
and weaknesses of existing reference works, make recommendatioris> and 
identify future trends. The en?)hasis was on reference works in the 
area of htiman engineering technology. In fact, only one author 
(Sfnaiko, 1963) recognized the need to include manning arid training ^ 
information lA future reference *^works . He stated: *'Human factors 
references should contain much more information on how many of what 
type of people are required to perform certain jobs, hq(w much time is 
required, what errors are likely to be made, and so on (p. 596)." It 
is noteworthy that twelve years after publication, the recommendation 
remains ^heeded. ' « 

Notwithstanding the above critical comment, many authors of the 
Special Issue of Human Factors presented their views on changes that 
should' be made to substantially improve the use of current reference 
works. Again, it is interesting to note that many of these recommenda- 
tions remain unfulfilled twelve years later! Some of the most impor- 
tant recommendations are repeated here: 

o General Principles "The codification of general principles 

in human factors for use in a guidebook is far more difficult 
than the tabulation of specific data. However, this sort of 
guidance is extregely important to the designer, particularly 
in the early phases of system design (Devoe, 1963, p. 585)." 

o Gross Format With regard to the overall format of reference 
works, Sinaiko (1963) stated: "It would be space well used 
if editors emphasized illustrations at the expense ^of words 
in the near future. There should be more graphic material, 
less theory and text. Overall references should be shorter, 
more easily searched, and self explanatory (p. 594)." / 
Further, Devoe pointed out that a "comprehensive guide must 
be big. Cramming a big work into a single volume imnedi^tely 
creates a host of problems. i. I therefore envisage my i44al 
guide as a set of volumes, each of manageable size (p/ 587)." 

o Indexing "No guide can approach the ideal unless tlSe re- 
quired guidance can be located easily and quicklyy The 
indexing of the material within the ideal guide,/then, is 



one of the post itnportant considerations involved in develop- 
ing the guide, and, in my opinion is the weakest factor in 
■ our •present human factors reference works (Devoe, 1963, 
p. 588).'* 

o Cr o s s -Re f er encing "An, ideal guide will have to insure that 
; the user obtains all *information bearing on hije problem, re- 
gardless of his point of entry into the work. . •Internal 
cross-referencing is necessary to relate principles, method- 
ology, and data (Devoe, 1963, p, 588)." 

o Updating "One of the gr elates t deficiencies in current guides 
' ^ is the time lag, which seems insuperable, between the com- 
pletion of applicable research and the inclusion of the re- 
sults in a guide. An ideal guide must be up to date 
' (De\-oe, 1963, p. 58^)." 

Clearly, these recommendations should be followed to produce 1m 
ideal reference work» Attempts have been made to remove the deficien- 
cies in existdng handbooks. Thus, for example, the various human 
engineering guides provide some informat'ion on general principles. The 
importance of developing improved formats was eir5)hasized in a study 
conducted by Meister and Farr (1967). These investigators ^ouiid that 
design engineers strongly preferred handbook information to be in 
pictorial or graphical > form. Meister and Farr report: "Designers tend 
(they say) to reject human factors handbooks on the basis of their 
'wordiness.* They downgrade verbal information because they do not 
want details. They prefer specific answers to specific q,uest:ions 
(p. 86)." Indexing and cross-referencing remain, the weakest link 
between reference works and the user. Most current reference Works 
provide the usual table of contents and alphabetical index to* help the 
user gain access to needed information. Some current handbooks have 
even eliminated the alphabetical ind^x, making data access tedious and 
sometimes ajmost impossible. A major deficiency of most reference 
works* in human factors is that they become quickly^ obspXete . In a 
limited number of cases, this problem is remedied by providing loose-, . 
leaf volimies. This approach permits periodic updating by insertion, or 
deletion, of material. 

Whether general principles are presented in a reference work de- 
pends on the state-of-the-art of a particular area of technology. 
Problems associated with the gross formats can be eliminated by re- 
design. Improved indexing, cross-referencing, updating, and methods 
for making information available to more users can be provided with the 
support of computer-based reference systems. Howevjer, the problems 
with computer-based systems as replacements for hard-copy reference 
works are many. Thes^ problems are discussed next. \ 
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The Use of Computers , The infonlation explosion during reeent years 
has resulted in greater use of cimputers, ^ The computer-based biblio- 
graphical and data services in ctrrent use have served to imprpve the 
dissemination of information andl to decrease the search time for 
specific, data references • Since human resources data tend to decay 
rapidly, it would seem that coii5>Liter-b^sed systems would be more effi- 
cient .than hard Copy volumes . Tie problems and costs associated with 
these systems, however, are etiomous. Fi;rs»t j;?^ not everybody has access 
to computer terminals. Second, the transmission of pictorial or graph-* 
ical information' (the preferred mode of^data presentation) is very 
cosfly. Third, rapid access to small amounts of data drawn from a, 
large data base content is not nicessarily cost effective ♦ Fourth, the 
convenience of obtaining data fr)m a well organized hard copy volume 
cannot be duplicated by stafce-of tthe-art computer technology. This 
does not mean that computers shomld not be used* In fact, it would be 
desirable to have the computer cdmpile, format, and oytput entire 
handbook volumes. The data base Icontent Would be kept current and - 
outdated volumes revised arid new pnes mailed to subscribers. More on 
this topic will be presented in clnjupction with the recommendations 
made in Section IV of this report! Suffice it to say that computer- 
based systems can, and should, pla^ a^ significant role in the develop- 
ment and maintenance of reference vorks. 
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II., RESEARCH QB^TECTIVES Alj(D REQUIREMENTS 

The objective of a Human Resources Data Handbook for Systems 
Engineering would be to consolidate in one source document all human 
resources data relevant to the design of complex man-machine systems, 
The development of Such a handbodk, however, would 1)e a major task and, 
in fact, there was no assurance that such an undertaking wds feasible. 
It seemed desirable, therefore, to develop a limited ^protcttype handbook 
as a first step. The focus was on demonstrating the feasibility of the 
concept; therefore, this effort was carried only to the extent required 
to accomplish this purpose, 

RESEARCH OBJECTIVES ^ 

The development procjess of a limited handbook must start with the iden- 
tification of the desirable characteristics of the ideal handbook. 
Design requirements may then be ejfettacted from these characteristics 
to serve as guidelines for the development of a prototype handbook. 
The desirable characteristics of the ideal hari^dbook are described 
below. 

Applicability , The scopfe of the hatidboo.k mnst be one in which the con- 
tents can be put to practical, use during the various phases of the 
system life cycle. Usability and timeliness %re key descriptors of 
what Is required. Thus, the handbook Should provide an important 
opportunity to Influence system design decisions, rather than merely 
react td momentary problems. This means that the handbook should, play 
an integral part in the system design process, * 

Relevancy , The contents of the handbook must be drawn from actual Air 
Force system data sources. Applicability and relevancy are considered 
to be inextricably related. In order that the handbook be used to in- 
fluence system design decisions, emphasis must be placed on the pre- 
sentation of relevant data rather than theory or other information that 
is of little^ concern to target users. Irrelevant data only serve to 
distract the user. 

Diversity , The handbook^must provide a diversity of meaningful human 
resources data reiationships tailored to a variety of potential users. 
Different users will be interested In different data or mliy be inter-, 
este^ in the same data, but at different levels of indenture* Thus, 
some users win «e^k ap^ap-ff^r Hata points (e,g,, the number of special- 
ists required to maintain particular hardware), while others will want 
to know something about the general principles governing certain 
relationships (e.g,, to what extent does task difficulty have an effect 
on maintenance time). Obviously, the handbook cannot be a panacea, 
but it must provide sufficient content diversity to be usable* 



14 



. / ■ ■ . ' ' ^ ' 

Accesslblilty . The handbook must be mkde available to as many users 
as possiWle/ Accessibility need not mean that all usets maintain 
personal/ copies of the handbook. In fact, size and cost considerations 
may: render general distribiatioh iitjpossible. On the other hand, "up- 
dating dad printing costs must be kept lov enough to allov distribution 
to all organizations and specialists having an established need for the 
data. Wider distribution is possible if ways are found to defray cost. 

Simplicity , Both the presentation and discussion of data must be kept 
as simple as 'possible to enhance the effectiveness and use of , the hand- 
book I Terminology used to interpret both qualitative and quantitative 
information must be clear to all users. Also, discussions must be kept 
relevant and limited to the data presented. Finally extensive use 
should be made of tables and graphs at the expense of text. 

Usability . Users must be able to locate specific data and data rela- 
tionships easily and quickly. This means that the index and cross 
reference, iftust be flexible enough to allow the user to find all rele- 
vant data that have a bearing on a particular problem. 

. Amenability to Updating . The structure of the handbook must allow for 
easy updating. Updating must be possible to specific levels of data 
relationships, the associated discussion, and both the index and cross 
reference* 

REQUIREMENTS ^ ^ 

The characteristics listed ab-ove can. be used to identify specifi- 
able design requiremettts for the development of a handbook, the 
requirements must cover all of the necessary elements to be considered 
In the .preparation of an ideal handbook, and also must specify thoS^; 
elements that can be applied to a prototype handbook. These latter\ 
requirements must serve as guidelines for^ the preparation of a^techni— 
cal apptoach (procedure) for the development . of the prototype handbook,^ 

The requirements presented here are classed into four major areas: 
^ (1) target users, (2) data content, (3) data analysis and presentation, 
and (4) handbook structure. Each of these areas is discussed below, 
together with a listing of specific requirements iot the prototype 
handbpok. 

Target Users . A handbook, no matter what purpose it Is to ^etve, can- 
not be prepared* in a vacuum. Any handbook development program must 
have an identified set of potential users • This need to Identify users 
becomes particularly critical in cases where data derated by one 
discipline are to be used by another. Engineers of different special- 
ties, system planners, etc., may have a need fof^ human resources data, 
but their requirements will differ. Thus, in ot'dej: t:i> determine the 
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* specific type* of data to be included in tlie handbook, as well as to 
determine how these data are to .be presented and discussed, something 
must be known about the potential users. 

# ,* 

The identification of users, however, is not without problems. 

Many specialists feel no pressing need for these data, or are totally 
tmaware that the data exist* Thus, interviews with potential users may 
be of little consequence. A better approach to the problem Is to iden- 
tify potential users, determine^ their specific function in system devel- 
opment, and then decide whether certain human resources data may be of 
help in their work. 

Finally, it ii important to determine the type of data formats best 
suited to their needs. Most specialists make use of handbooks or other 
reference works in their* own areas of interest; thus, they have become 
familiar with, and accustomed to, certain methods of data presentation. 
The presentation of data in the handbook must be such that us^rs will 
not have difficulty with the extrapolation of relevant information. 

In summary, the user himself becomes a necessary source from which 
handbook requirements in general may be obtained. For the development 
of a prototype handbook, the minimum requilrements are: 

o Identify potential target user disciplines 

o X Specify the levels of responsibility that target 

users exercise in system development 
o Select representative sample of target user disciplines 

Data Content . Perhaps the most difficult task In handbook design and , 
development is the selection of data to be considered for 'inclusion. 
The scop§ to be covered in the handbook must be relatively weH defined 
to insure that irrelevant material is not included and that the total 
size of the han4book is kept within reasonable bounds. Yet, the con- 
straints on content and size must remain somewhat flexible so that 
changes and additions to the^cbntent as well as handbook size (e.g., 
single vs. multiple volumes) can be accommodated during handbook 
development . 

The principal objectives of handbook development require that 
emphasis be placed on data drawn from field or applied research rather 
than the laboratory (data gathered in an experimental laboratory for 
the purpose of supporting theory). Also, existing data sources must be 
sought so that costly and time cortstmiing field research is avoided. 
Many data sources' exl^t from which relevant information may be obtained. 
These, sources must be sought from government organizations that maintain 
records on logistics, cost, and personnel for systems that are currently 
in operational use, and from those that are in various stages of devel- 
opment. Another source that must be considered is the expert opinion 
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of system specialists. Relevant applied res ea rch cond ucted by govern- 
ment, industry, and educational institutions must also be given con- 
sideration. 

The selection of data sources ±3 based on the types of data to be 
^included in the handbook. As noted earlier, human resources encompass 
a wide spectrum of data, not all of which are pertinent to system plan- * 
ning, design, and development. An attempt ^tb' bridge the gap between 
different disciplines requires that care be taken in selecting what is 
potentially meaningful and useful information. 

Since the handbook contents must be limited to applicable system 
Information, it Is important that all data be oriented to selected 
systems/subsystems, operational mission requirements, and applicable 
populations of Air Force personnel. For the prototype handbook, it is 
important that a class of aircraft systems be selected from which 
relevant operational data are readily accessible. These systems must 
be sufficiently representative so that detailed comparative analysis 
across hardware and personnel data can be accomplished to produce mean- 
ingful relationships. For example, if mean time to repair is to be 
compared across systems, this relationship will be meaningful if the 
activity is accomplished by personnel having the same specialty and is 
conducted on equipment that performs the Same type of function < This 
same relationship can be taken to An even lower level of specificity by 
comparing the same equipment across the same tyge of aircraft, or 

similar classes or aircraft (e.g., fighters). 

1 

For development of a prototype handbook, the minimum requirements 

are: 



o Define the scope and data contents 

o Select representative data 

o Select data sources ^ 

Data Analysis and Presentation . Analysis refers to the ways In which 
data must be reduced or combined for inclusion in the handbook. Pre- 
sentation refers to the way or ways In which data are formatted for easy 
interpretation by users. Taken together, these areas of consideration 
are, perhaps, the. most Important in handboo k deve lopment. In fact, most 
problems •associated with haridbook usability can be traced to these two' 
areas. Several factors tend to complicate the procedures for analyzing 
and presenting human resources, in contrast to other kinds of data 
(e.g., human engineering). First, the data to be Included in the hand- 
book must be drawn from many different sources, including some in which 
the data are In a constant state of flux. Second, data belonging to 
the same categorical class (e. g., manpower quantities), but on differ- 
ent systems (e.g., F-lllA vs. F-4E) may have been derived from differ- 
ent sets of irarlables or models. Third, the method of collecting data 
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in support of different' systems max differ. Fourth, data obtained from 
operationalT organizations usually are generated by different people 
(e.g., various mjaintenance personnel) with the resultant increase *in 
data variability. Fifth, the same classes of data, but on different 
systems, may have 'b^en difawn from expert opinion, questionnaires, main-- 
tenance summaries, 0t various sophisticated computer*-based simulation 
models. Thus, the unstructured environment in which human resources 
data are obtained may lead to large variances in the data. Yet, as 
indicated ±vi the Xi^troduction, most of the information td be"^ presented 
in the handbook necessarily must be drawn from these kinds of sources. 

Given the sources of data variability discussed in the preceding 
paragraph, all attempts -to reduce, analyze, and combine himian resources 
d^ita must proceed with caution. Forcing data into certain relation- 
ships c^n lead to gross misrepresentations. HOw inappropriate analysis 
can distort handbook data inputs is easily^illustrated. Suppose, for 
jexample, that manpower^ estimates are to be presented for th^ same main-* 
tenance activities on two different systems but the data are drawn from 
different kinds of sources* If it is found that the estimates were * 
derived from different sets of asstimptioris or different model*, should 
both estimates be combined into a single chart representing the two 
systems? The answer is clearly in the negative since such a comparison 
would be mislead ing and would not repres ent a meani ngful reli^tlonship 
to theVot^^^ial handbook user^ On the other hand, if both estimates 
appea|f to be important, or are the only ones available, th^ both 
shouXd be presented,, but on different charts and with detailed comments 
to caution the user against possible misinterpretations. 

While data analysis and data presentation appear to be separate 
problem areas of handbook development, they are in fact closely inter- 
woven. The data should be analyzed and combined so that the final 
product can be presented in a graph or table* This procedure is not 
always simple. Thus, some types of data can be presented as ^contiHupus 
functions. A relationship showing maintenance manhours on diffet^t 
systems, for example," must be presented in a^^table or bar graph. A 
relationship between performance time and years of experience, on*the 
other hand, can be presented as a continuous function. Finally, it is 
not possible to pair-off all data to show logical and systematic corres- 
pondences. It; is the responsibility of the handbook developer to in- 
sure that the data are meaningful and can be combined in accordance 
with accepted statistical scaling procedures. 

Other areas of consideration that cannot J>e separated from data 
analysis and presentation include the use of text and the methods for 
indexing and cross-referencing handbook data. It was already noted that 
illustrations should be emphasized^at the expense of Wdrds* The hand- 
book user must not be burdened with lengthy theoretical arguments that 
have little or no bearing on the applicability of the data* This does 
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not mean that text be altogether eliminated. It does mean, however, 
that written material 'be kept to a minimum and be limited to areas of 
clarification of the data. 

It would be time well spent and space saved if written materials 
emphasize the applicability of the data to certain classes of system 
design problems. This is a difficult task to accon?)lish and requires 
the writer to have considerable knowledge of th$ data and their possible 
applications to system engineering problems. Nevertheless, the accepta-^ 
bility of the handbook among potential users may very well depend on 
this factor; 

""''''^ The handbook will be completely abandoned unless the user can gain 
easy and quick acce&s to specific data. The dntry into the handbook 
must be made simple, and mqst avoid the need for endless cross-refer- 
encing. This does not mean that the user should not learn how to enter 
the handbooks Rather, it simply means that the data be classified and 
indebted so that search time i^ minimized. Also, the need for parsimony 

* does not mean that the user be limited to a single procedure to enter 
the handbook. In fact, in the name of parsimony and practical economy | 
more^than one indexing scheme may be needed to fulfill user needs. 

^ Once the user has entered the handbook and found needed data, he 
also should^be provided with internal cross-references to related infor- 
mation.* It Is only through a process^ of cross-referencing that the 
unitary quality of a handbook is achieved. Care must be taken to insure 
thect the cross-references help provide all the information bearing on a 
problem, without making the process a chore. ^ 



Finally, the indexing and cross-referencing schemfe should be 
elosely tied to the data classification structure used in the handbook. 
Devoe (1963,4^588) stated tfi^at: '*The aim (of a good index) should be 
to anticipate every Verbal way in which a user may come to the work for 
information and to have his own terms on hand to guide him." Thus, 
subject areas could be arranged in a matrix to show the various classes 
of data and data ^omkinations contained in the handbook. This method 
of entry would be su^lemented with an alphabetical listing of subject 
^ areas. 



For the develppment of the prototype handbook, the minimum require- 
ments are: , { 

o Develop >and select methods for analyzing and 

combining relevant data 
o Select best methods to present given data relationships 
^ o Develop methShs to index and cross-reference handbook data 

Handbook Structure . Structure deals withthe gross physical layout of 
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the handbook. ,This Includes: (1) the design of data formatSj (2) th^\ 
use of loose leaf or bound volumes; (3) the use of section tabulations ^ 
(4) allowances for expansion or deletion of data, (5> the location of 
indexes, and (6) the organization and location of written Introductory 
•materials. Including guidance In the use of the Indexing scheme or 
schemes* The utility of the handbook will be seriously restricted If 
the physical layout makes It cumbersome to use, /Given that the appro- 
priate data are selected, analyzed, prepared for/ presentation, and 
appropriately Indexed, it is then the responslbi/lity of the handbook 
developer to Insure that the total layout fillow^ the user to satisfy 
his needs with minimum difficulty* 



For the development of a prototype handboi 
ments are; 



the mlnlxmim requlre- 



o Prepare a usable format structure 
0 Organize contents. Including introdJicltory 

ihaterlal and Indexes, data sections|, etc*, 

for maximum ease of use 
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III^ METHODS" 



The methodological approach was directed to the developljent 
of a limited prototype handbook flf human resources data, Thia 
handbook would then serve to: ^1) assess the feasibility of comhiiJing 

* human resources data into relationships that convey meaningful 
information tt) potential users, and (2) assess the feasibility of 
designing and developing ^a handbook that is simple, to use. Accordingly, 
each step in the preparation of the proto\:ypc ^handbook was taken with , 
one primary cgnsideyation, namely, the ultitaate user. Close attention 
was paid to the types of design reqiiirements discussed in Section II 

of this report. It must be kept in mind, however, that the purpose 
was to approach an ideal design,, rather than actually develop an 

* optimal full-scale" handbook. The prototype handbook is provided 
as an appendix to this report. To avoid repetitive and excessive 
details in the discussion of the procedures, the reader is asked 
to review Appendix A. 



PROCEDURES 



Identification and Selection of Target User Groups . As indicated 
earlier, the primary objective of the handbook is to facilitate 
communications between technical specialists in different disciplines. 
This does not mean that the prototype handbook must satisfy the 
requirements of all potential users of human resources data. Such 
an undertaking would require extensive analysis of user disciplines 
and user needs at all levels of responsibility and at all levels 
of indenture. Accordingly, for th€ limited prototype' handbook, it 
was decided to limit the target user sample to those involved in 
the design and development of fire control subsystems. Levels of 
responsibility within this sample ranged from managerial to technical 
specialists directly involved in system design. The technical 
disciplines included" specialists in the areas of human factors, 
design engineering, personnel and training, and cost. This bteakdown 
was somewhat arbitrary, but did provide workable* boundaries. It 
must be pointed out that these boundaries were limifefijjt to users who 
need access to human resources data as defined in the Introduction. 
Thus, not all human factors specialists^ involved in the design of 
fire control systems require these types of data; neither do all : 
design engineers, cost specialists, etc. The objectlye, then, 
was to direct the design ^of^ e prototype handbook to those that have 
a pressing need for human resSwtces data. 
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Data Content s The selection of data content and scope was dictated 
by the specific nedds of the users* For the prototype handbook the 
'data were limited to tlfe functions performed by^ the Air Force 32XXX 
avionics career field on the fire control system of nine fighter 
systems. These systems Included the F-106A/B, F-lOSD/F-AC, F-4D, 
F-4E, F-lllA, FB-lllA, A-7D and the F-IS. The* classes of data col- 
lected were. In part, determined by what the Investigator thought 
to^be relevant, and by the availability of data. No attempt was 
made to systematically survey user needs, although such an Investi- 
gation might have been* beneficial • A listing of the classes of 
data selected Is presented In the Master Index of the prototype 
handbook (se^ the Appendix) and will not be repeated here. 

Once the scope of the prototype handbook was defined, it was 
necessary to seek* primary data sources and then extract the relevant 
data from these sources. A non-exhaustive list of data sourcifes, 
together with the types of data, and samples of data content collected 
from these sources, is shown as follows: 



PRIMARY SOURCES 



TYPES OF DATA 



SAMPLE DATA CONTENT 



Technical and \ 
Management Reports 



Theoretical 



Performance curves, effects 
of experience, etc. 



Models 



1 



Field research 
and expert 
opinion 



Assessment 



Personnel 
Structure 

Logistics 



J 



Mathematical models to deter- 
mine various * costs , personnel 
attrition, manning require- 
ments, manhours, etc. 

Types of maintenance tasks, 
task xHfficulty, effects of 
experience, etc. 

Personnel qualification 
and aptitude. 

Projected distribution of 
personnel to future years. 

Logistic support costs. 
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CONTINUED: 



USAF Technical Orders 
and Engineering Reports 



r 

Computer Data Banks 



Letter and Personal 
Communi cat i ons 



Engineering 
block diagrams 



Subsystem 
information 



Logistics 



Occupational 
surveys 

. Occupational 
surveys 



Manpower 
projections 

Training 
information 



Functional flows and inter- 
relationships- of fire 
control systems. 

Typfes of subsystems^, 
number of associated 
subsystems, etc. 

Identification of sub,- 
systems and compbnents, 
performance time, main- 
' tenance actions taken, 
costs, etc. 

Types *of tasks, time to 
perform, etc. 

Types of tasks, time to 
perform, distribution of 
skill levels, etc. 

Projected personnel needs 
to future years. 

Personnel training time, 
costs, etc. 



While the above listing is only representative, It^s noteworthy 
that the data sources and content are extremely diverse. No single 
source was sufficient to provide even the minimal information required^ 
for the prototype handbook. Any future work directed to the develop- 
ment of a full-scale handbook would require an exhaustive search for 
potential data sources. 

Data Analysis and Presentation . The problems associated with data ana- 
lysis and presentation^ are many and complex. Any attempt to analyze 
and organize Information drawn from diverse sources will result in the 
discovery of data redundancies, conflicting data, missing data points, 
^questionable data, etc. For the purpose of the prototype handbook, 
f^mxs of these problems were resolved through a process of strict source 
/ sAllctlon. Also, outdated or other information that had only periphera 
relevance were avoided. To avoid the inclusion of redundancies, the 
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collection of certain clas&^s_^o£«data was restricted to single data 
sources. Thus, for example, most of the data on i ntenance manhours 
were obtained from logistics data banks • Finally , there were a few 
attempts to integrate highly selected data that were drawn from differ- 
ent sources, but logically belonged to the same class of information. 
This procedure was found to be extremely difficult to apply and often 
resulted in the formatting of inappropriate 4ata relationships and the 
presentation of misleading interpretations of these relationships. 
Unless there is ample justification, this type of procedure should be 
avoided. 

Several attempts Were made to model the prototype handbook around 
specific types of design problems. Thus, the development of the hand- 
book would require data directly relevant to these problems. This 
attempt was abandoned in the early stages of development. In place of 
an overall mo/iel, a method .Was sought to tie some of the data to a 
common baseline. Selected for this purpose was a technique that 
allowed the dividing of the nine fire control systems into two levels 
of state-of-the-art technology. These.^wo levels represented mejor 
changes in design technology (e.g., the use of semi-automatic test 
equipment; the use of microcircuits) . the data were then formatted to 
shcw^ the effect o£' these changes on manpower, manhouts required to 
maintain certain equipment, training time, etc. The use of the hand- 
book, however, was not to be restricted to these divisions. 
. , '* 

In order to adhere to the design requirements discussed in Section 
II, emphasis was placed on the presentation of graphical information, 
rather than text. Theoretical statements were avoided or totally elim- 
inated from the written materials. All discussion ^as restricted -to 
two are namely, comments and implications . The former prbyided a 
short description of the data, methods used to collect data, defini- 
tions, etc. Where possible, the latter provp.ded a short summary of 
possible implications of the data to Air Force system engineering 
problems. 

Two modes of entry to the prototype handbook were developed. The 
first allows the user to search for specific data relationships^ This 
mode of entry is dependent on the direct application of numerical 
levels of indenture provided by an indexing scheme and requires the 
user to follow three simple steps. The lowest level of indenture 
(i.e., the level in which the most detail is found) also serves as the 
page number. The second mode of entry is an alphabetical lisJrJLzx^^f ^ 
the major topic areas. Finally, internal cross -referencing is provided 
at various levels of indenture, but primarily at the lowest* FoS^ £he 
prototype handbook, this cross-index allows the user to obtain selected 
information referenced in the tekt (i.e., under th^ comnents or impli- 
cations) . « 




Handbook Structure . The desiga of the data formats was adapted, with 
modifications, from Price and Tabachnick (196*6). Each format was 
structured to insure that all necessary information pertaining to the 
data was presented with clarity. This included the placing of the 
tables and gr^aphs, the title, written comments, references to appli^^ 
cable models, a short title of the data contents, cross-references, and 
the Indexed page nxmiber» With few exceptions, all necessary information 
was placed on a single data page. This procedure simplified problems 
of adding or deleting. (i.e. , updating) handbook entries* 

The physical layout of the prototype handbook was designed^ for 
ease of use. Data formats were first placed into three major sections. 
The first section was reserved for data comparisons between system 
design, training, support manpower, logistics, various costs, etc. 
Included in the second section were dat^ formats pertinent to past, 
current and projected numbers of personnel, varioxis skill levels, 
enlistee aptitudes and qualifications, etc. Finally, the third section 
was reserved for technical Information that could be generalized to a 
wide variety of problems. Included in this final section were formats 
containing information on the effects of task difficulty, maintenance 
activities, mathematical models pertinent io the classes of data found 
In the other sections, etc. 

Introductory material to the handbook Included^ the purpose, scope, 
organization, and the use of the indexing schemes. The steps necessary 
to find data Were illustrated in a figure to provide the user with a 
better understanding of th|^ indexing scheme. The master Index ^ master 
index table of contents, and list of abbreviations followed inmedlately 
after the introductory material. The alphabetical listing of major 
topic areas was placed in the back portion of the handbook. . Rather 
than reiterate the procedures required to enter the handbook, it is 
recommended that the reader review Appendix A, 
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IV. CONCLUSIONS AND RECOMMENDATIQNS 



* The research described in this report investigated the feasibility 
of developing a handbook of htiman resources data for appiicati<Jn to 
systems engineering problems. A prototype handbook, linvited to fighter 
fire control systems, waq prepared to determine whether such a handbook 
couid be developed in accordance with design requirements of an ideal 
guide. As in most exploratory investigations of this kind, there were 
many problems to be resolved and many iterative steps to be taken. Un- 
fortunately, it was not always possible to resolve all problems or 
adhere to all design requirements. Accordingly, the prototype handbook 
is not exhaustive in content and does not contain all of the desired 
design features. It does, however, represent an initial step in an 
important, but heretofore neglected, area of technology. 

The accumulated experiences gained in research usually result in a 
product and recommendations fot futher research. The recommendations 
listed below are based primarily on these experiences. 

1. The next step must test and evaluate:* (a) "the acceptability 
and usability of the handbook by potential users, (b) the a'cceptability 
of the data presentation and indexing techniques, and (c) the possible 
impact of the handbook oh system design decisions. Test and evaluation 
should be conducted to assess the concept of this type of handbook, 
rather than to evaluate the data content. Recommendations resulting 
from this test and evaluation program should boused to guide the 
development of a more comprehensive handbook. / 

2. Greater attention should be paid to the use of computers in 
the development and updating of handbooks. The problems associated 
with the maintenance jof loose leaf handbooks are mai^y. It would seem 
cost-effective to have computers output hard copy reports, which can 
then be reproduced. Since human resources data become rapidly obsolete, 
the use of pulp paper is justified to reduce the cost of reproduction. 
Rather than update single pages of the handbook, entire voltimes would 
be periodically output, reproduced, and disseminated to paying sub- 
scribers. In fact, the use of computers for this purpose Would allow 
the preparation of handbook volumes tailored to different user needs. 

3* Extensijve surveys need to be conducted to identify all poten- 
tial sources of data. In cases where data cannot be drawn from exist- 
ing sources,^ it will be necessary to plan and initiate ^new data gather- 
ing efforts. In this regard, it is recommended that greater reliance 
be placied on field research and expert opinion. 
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4. The development of a full-scale handbook will require a very 
large effort. Such an effort is possible only under the auspices of a 
respdhsible agency. Itt this regard, Devoe (1963) emphasized that:, "the 
existence of such an agency is intended to imply •.•that it has the 
authotlty and financial support to do the job. Without such an agency, 
any, guide, no matter how ambitious, will be a one-shot effort an(| will 
rapidly become outdated. In fact, my opinion is that this is thir one 
serious hurdle in Our path; given an agency with support, the technical 
problems of creating a near-ideal guide are solvajjle (p. 589) ." 
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PROTOTYPE jfUMAN RESOURCES DATA HANDBOOK FOR SYSCTEMS ENGINEERINS 



^'INTRODUCTION: This prototype handbook was prepared: (1) to assess the 
need for a technical reference containing human resources data, and (2) to 
determine whether It Is feasible- to combine human resources data obta;lned from 
many different sources Into a fonnat that conveys meaningful information to 
potential users. As the title Implies, the Intention was to develop a limited 
handbook containing samples of data that must be given consideration In a full- 
scale handbook development program. It Is well known that human resources data 
are difficult to obtain and are often unavailable. Thus, the development of 
\ full-scale handbook will require the collection of field data where necessary. 
While this prototype handbook does contain a limited amount of data gathered 
from various training and operational organizations, they do not present a 
complete picture of Air Force human resources utilization. Since the primary 
intention of this document 1s to assess the need for a human resources hand-- 
book, all readers are Invited to submit recommendations and comments to: 
A1r Force Human Resources Laboratory (AFHRL/ASRX. Wright-Patterson AFB, Ohio 
45433. 

HANDBOOK CONTENTS 



PAGE 

PURPOSE 1 

SCOPE 1 

ORGANIZATION OF THE HANDBOOK 2 

USE OF THE INDEXING SCHEME ...^ V* 

MASTER INDEX 

MASTER INDEX TABLES OF CONTENT 
LIST OF ABBREVIATIONS 



SECTION I - Empirical Data on Fire Control Systems 
SECTION II - Human Resources Posture ^ 
SECTION III - General References 
ALPHABETICAL INDEX OF CONTENTS 
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PURPOSE 



The Human Resources Data Handbook for Systems Engineering, henceforth referred 
to as the Handbook, presents a wide variety of human resources data on . 
manoower Dersonnel skills, training, maintenance performance, logistics, and 
S aPthe^^Slate to a^d interact with, operational systems and subsystems. 
Thl objlctiSe ll to convey quantitative relationships between human resources 
and hardSar^ in a way that 2an be made meaningful and "seful to specialists 
5??^v^frenaaaed in svstem design and development. Potential users of the ^ 
; bo k ?lfd^ humirfaJtors Ipecialists, ?^a1n1ng planners, d^ 
configuration managers, system planners, etc. The Intent, then, is, for this 
handbook to fulfill the following needs: 

1. Consolidate, in a single comprehenslvejolwne^ 

data applicable to system design and development. These jata are 
usually scattered in many government and f odI 

ronft».f<! ooerational cormtands, and in the form of expert opinion. 
BrLXoSk shoSld Hrve tS br1dge"the gap between these sources of 

data and the user. 

2. Assist the user to determine how hunan resources are influenced by 
system design and vice versa. , _ 

3 Pro-de a means by which specialists Involved 1n system design and 

S3rop» 

human resources. 

Present data from different disciplines 1" J '^P"*!;' ^JiLj?* 
re"tls Interrelationships, but also presents the information in a 
form which is easily understood by the user. 
Provide a means by which certain design problems can be identified 
and resolved. 

.Facilitate communications and ^^^terchange of data aw^^ 
4„ A<**«».onf Hiqcinlines. Thus, the handbook should aiiow aesign 
i"Jlo?f d2dflo5s ti tike iSto account the constraints of the 
Air Force human resources. 



4. 

5. 
6. 



SCOPE . 



The handbook is limited to data on t e ^ f.^*^"^ Pf JJ^tems^ Thlse 

career field on the r?LSrR*'*?\ofD*T4C F-«! F-llU^^^^^^ 

systems include the F-106A/B, f^rlOJ^' [i^^i; :?{u ( the quintitative inter- 
and the F-15. In general, the handbook (2 the 

relationships between ^uj^n ref urce^^/ 1°^^^"^^^ &;Cwhiih cin be S 
projected human resources POS^ure, and 13) tecnnica. introduction, 
generalized to a wide range of problems, ms inaiga«u 
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complete sets of data on all factors of the Alr Force human resource are diffi- 
cult to obtain or are totally unavailable. Thus, the prototype handbook does 
not contain all of the information desirable in a^full-scale handbook. While- 
the scope of this handbook Is rather limited In both depth and breadth, the 
information it does contain should serve as an example of the types of data that 
must be Included in a full-scale handbook. ' 



ORGANIZATION OF THE HANDBOOK - 

The handbook Is organized Into three data sections and two Indexing schemes, 
which provide the user with a simple method to gain access to needed data. It 
1s recommended that users of this handbook first review the material provided 
under Use of the Indexing Scheme prior to initial use of the handbook. 

The three data sections of the handbook are: 

SECTION I - Empirical Data on Fire Control Systems ; 

In general, this section contains comparisons between system 
designs, training, support manpower* occupational jobs/tasks, main 
tenance procedures, logistic support, and various costs. The pur- 
pose of this section is to provide operational data Interrelation- 
ships between specific systems and subsystems, and the applicable 
populations of Air Force human resources. Thus, the data should 
provide some insight into how the various resources were used and 
allocated, the consequences of these allocations, and .the possible 
* Impact of changing technology which Interact with the use of these 
resource allocations. 

5ECTI0N II -Human Resources Posture 



This section contains Information pertinent to past, current, and 
projected numbers of personnel with various skill and experience 
levels. This section also compares the characteristics of enlistees 
_ ^ prior to the termination of the draft with enlistees of the all- 
volunteer force. The objective is to allow the user to assess the 
• impact of projected human resources on design requirements of systems 
under development or planned for future design and development. 

SECTION Ill- General References 

This section contains technical Information which can be generalized \ 
" to a wide range of problems. Included In this section are data ^ 
on the effects of task complexity, the time required for Air Force 
maintenance personnel to acquire certain skills, error rates in 
performing maintenance activities, performance tim§, etc. This section 
also contains mathematical models which may have practical application 
in deriving system life cycle cost. Most of these models are con- 
cerned with, and make use of, the classes of data .contained in 
Sections I and II. 

With few exceptions, each data page in this handbook contains a set of relationships 
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that stands alone and is relatively self explanatory. To reduce confusion, 
each page has the sarne headers and is of the same or similar format. The 
upper third ofnthe data page presents a set of functions, a table, functional 
flow, bar chartf, or other form of showing the pertinent data relationships. 
The headers and contents of each are listed and described- below: 

1. TITLE - A descriptive title of the data relationships shown. 

2. COMMENTS - A short description of the data, the methods used to 
cpllect the data, the population which was sampled, definitions, 
or other pertinent information. 

3. IMPLICATIONS - A short summary of the possible implications of the 
data to Air Force system design, development, operations, etc. In 
many cases this sunmary is limited to an interpretation of the data 
relationships and possible contributing factors, or sources of variance, 
that led to the shown data relationships. In general, the implica- 
tions of the data relationships are the best interpretation provided 
by the writer. Thus, the user of this ^handbook may wish to apply his 
own interpretation. 




4. DATA SOURCES - A list of refereneefr^m which the data were obtained. 
The list of references is numbered and each appears as a superscript 
in the appropriate place>of the Comments or Implications. Where 
possible, the references contain enough information for the user to 

. gain access to the original sources. In -orther cases, the reference 
is to a more general source, such as the Air Force data banks contain- 
ing maintenance summaries. 

5. MODELS FOR DATA APPLICATION - An index numbe.r(s) to a mathematical 
model (s) contained in Section III (see Use of the Indexing Scheme). 
The particular predictive models selected for a set of variables are 
conceptual . 

6. SUBJECT - A short title of data contents with an emphasis on the 
key words appearing in the Master Index Tables of Content (see 
Use of the Indexing Scheme ). 

7. INDEX - The two major index numbers, keyed to the Master Index (see 
Use of the Indexing Scheme ). ^ 

8. CROSS- INDEX - A reference to a data page containing related informa- 
IfonTTForder to obtain complete information on data being discussed 
under the Comments or Implications, the user should also review , the 
page referred to in the Cross-Index (see Use of the I ndexing Scheme). 

9. PAGE NUMBERS - The page numbers are keyed to the indexing scheme of 
this handbtbk. The use of this method for sequencing the pages 
allows for rapid dele^n or addition of entire pages without 
requiring an update o-Hther pages. 
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USE OF THE INDEXING SCHEME 



There are two procedures which can be followed to gain access to needed data. 
The first procedure allows the user to search for specific data relationships. 
If he is interested in determining the relationship which may exist between 
maintenance manhours and certain subsystems, he must turn to the Master Index 
and the Master Index Tables of Content. The second procedure provides the user 
with an alphabetical listing of major topic areas covered in the handbook. 
This listing is located in the back portion of the handbook. In order for 
the user to apply either of these two procedures, he should first gain an 
understanding of the indexing scheme used for numbering the pages. 

♦ Index Numbers ; The index number is composed of four niBtibered elements, 
each separated by a dash or period (e.g., 1.11-9.5). The first element is a 
i?oman numeral that identifies the section of the handbook. The next two elements, 
In Arabic numerals, are keyed to the Master Index. The first of these two 
elements is drawn from the numbers in the left-hand vertical margin of the Master 
Index and the second from the diagonal margin. *The last element, also in Arabic 
numerals, is keyed to the Master Index Tables of Content. 

Steps to Find Da ta- ; The procedures for finding needed data in the handbook 
require three simple steps. The steps to be exemplified here are also illustrated 
In Figure 1. Say that the user would like to know whether there is a difference 
In maintenance manhours (MMH) for removal actions of fire control radar sub- 
systems on the various fighter systems. First, the user must turn to the Master 
Index to^termine whether this type of information exists in the handbook. 
By scanning the left-hand margin he finds that maintenance manhour information is 
in- Section I under the general subtitle, Operations , and has the index number 
11. The user then matches this index number w'ith one provided in the diagonal 
margin. For maintenance removal actions, the appropriate index number is 9. 
Thus, the appropriate cell in the Master Index is 11-9. (If the cell is blank, 
then the handbook will not contain the needed information.) The next step is 
tp proceed to the Master Index Tables of Content located immediately following^ 
the Master Index page. The index numbers at the top of each Table are in 
sequential order and matcIT those in the cells of the Master Index. In the 
example provided here, the user seeks Table 11-9 for Section I data and 
finS^ that the needed information is on Page 1.11-9.5. The last numeral of 
the index is found under the appropriate column of the Table. 

The above procedures can be summarized as follows: 

1. Determine the section number in which the needed data may be found. 

2. Find the appropriate index number from the Master Index. 

3. Determine the page number from the Master Index Tables of Content. 
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MASTER INDEX 




MASTER INDEX TABLES OF CONTENT 



SECTION I 
INDEX n-9 



♦ 

n. MAINTENANCE MANHOURS 


9. TASK TYPE 


Adjust 


Install Only 


Remove and 
Replace 


Remoyg pnlv 


Radar Subsystems 
1959-1974, Unscheduled 
Organizational 


11-9.2 


11-9.6 


11-9.4 


/ii-gJi 



DATA PAGE 











'4 






1 

% 

' \ 
















I. n-9. 5 





ERIC 



Figure V. Steps to Find Data 

. 38 

35. 



MASTER INDEX TABLES OF CONTENT 
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TITLE:. F-106A/B Fire 




;n implicit assumption in prediction methods is that estimates on specific parame- 
jers of interest such as operational performance, logistics support, and pe>;sonnel 
skill manning would be proportional to similar parameters on f'a'?a °9ous system. 
Consequently, the historical perspective is valued for its potential use in future 
system design trade studies. 

1. USAF Technical Order lF»-106A-2-27-5. 
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TITLE : F-105D Fire Control System Tie-in Block Diagram 



7SS4d ^ ® ^"^ 5 single-place all-weather fighter-bomber, is equipped with 
the NASARR monopulse radar system and doppler radar for night or bad weather oper- 
DilS/A 5® ^'"^t ^^^*f"' ^^^"""^ consists T»f the attack and display subsystem 

RiWG radar subsystem, and-the bomb tossing computer subsystem" and is associated 
with six other subsystems in its signal processing network. The F-105D was select- 
?Qeo^^?^?^^"*^^^^f contrasting generations of avionics systems in the period 
1959-1974 (see Chart L3-2.1). An implicit assumption in prediction methods is 
that estimates on specific parameters of interest such as operational performance, 
logistics support, and personnel skill manning would be proportional to similar 
parameters on an analogous system. Consequently, the historical perspective is 
valued for its potential use in future system design trade studies. 
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TITLE: F-4C Fire Control System Tie-in Block Diagram * / 

COMMENTS: The F-4C is a two-plate tandem, supersonic, all-weather, tactical air- 
craft with the capabilities of delivering combinations of missiles, boinbs and 
rockets. The Fire Control System conmsts of the-APQ\100 radar subsystem, APA-157 
radar set group, and the missile fi rinV ci rcuits and ife associated with 14 orther 
silbsystems'>in its signal processing network.' The F-4C was selected as representa- 
tive of contrasting generations of avionics systems in the period 1959-1974 (see 
Chart 1.3-2.1). An implicit assumption 'in prediction methods is that estiitiates on 
specific parameters of interest such as operational performance, logistics support, 
and personnel ski IJj manning would be proportional to similar parameters on an anal- 
ogous system. Consequently, the historical perspective is valued for its potential 
use in future system design trade studies. 

^ATA SOURCES: 1. USAF Technical Order IF-4C-2-19. 
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TITLE : F-4D Fire Control System Tie-in Block Diagram 



COMMENTS : The F-AD is a two-place tandem, supersonic, all -weather, tactical 



aircraft with the capabilities of delivering combinations of missiles, bombs and 
rockets^ The Fire Control System consists of the APQ-109 radar subsystem, APA-165 
radar set group, distribution group, and the missile firing circuits and is asso- 
ciated with 15 other subsystems in its signal processing network J The^ F-4I> was 
selected as representative of contrasting generations of avionics systems in the 
period 1959-1974 (see Chart I.3-2J): An implicit assumption in prediction methods 
is that estimates on specific parameters of interest such as operational perfor- 
mance, logistics support, and personnel skill manTiing^would be proportional to sim- 
ilar parameters on an analogous system. Consequently, the historical perspective 
is valued for its potential use in future system design trade studies. 
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TITLE: F-4E Fire Control System Tie-in Block Diagram 



COMMENTS: The F-4E Phantom II is a two-place, tandem, supersonic i long range, all- 
weather fighter-tiomber. The Fire Control' System consists of the AP0-12O radar sub 
system, missile auxiliary group, and missile firing circuits anid is associated with 
ten subsystems in its signal processing network J The F-4E was selected as repre- 
sentative of contrasting generations of avionics systems in the period 1959-1974 
(see Chart 1.3-2.1). An implicit assumption in prediction methods i^, that estimate 
on specific parameters of interest such as operational perfoWiance, logistics sup- 
port, and personnel skill manning would be proportional to similar parameters on an 
analogous system. Consequently, the historical perspective ig valued for its poten 
tial use in future system design trade studies, 
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TITLE: 
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Pitch. P.-.n . DHft 



F-lllA Fire Control System Tie-in Block Diagram 
COMMENTS: The F-lllA, a two-place,- side- 



AbW3. It was selected as representative of contrasting generations of avionics 
systems in the period 1959-1974 (see Chart 1.3-2.1) for the purpose of providing an 
overall perspective of its operationaUperformance. This historical perspective 
IS valued for its potential use in future system trade studies of analogous 
systems. < ^ 
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WTLE: FB-niA Fire Power. Control System Tie-in Block Diagram 



COMMENTS; The FB-niA is a two-place, side-by-side, all-weather, high and/or low 
altitude, supersonic, strategic bomber with inflight selectable wing sweep, it 
was selected as representative of contrasting generations of avionics systems in 
the period 1959-1974 (see Chart 1.3-2.1). An implicit assumption in prediction 
methods is that estimates on specific parameters of interest such as operational 
performance, logistics support, and personnel skill manning would be proportional 
to similar parameters on an analogous system. Consequently, the historical per 
spective is'^ valued for its potential use in future system design trade studies. 
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TITLD: A-7D Weapon Control System Tie-in Block Diagram 



COMMENTS; The A-7D, a subsonic single-seat tactical fighter, has a continuous- 



solution navigation and weapon delivery system and has all-weather radar bombing 
delivery capability. Some major subsystems are the radar set APQ-126, tactical 
computer set ASN-91, and heads-up display AVQ-7, It was selected as representa- 
tive of contrasting generations of avionics systems in the period 1959-1974 (see 
Chart 1.3-2,1), An implicit assumption in prediction methods is that estimates 
on specific parameters of interest such as operational performance, logistics 
support, and personnel skill manning would be proportional to similar parameters 
on an analogous system. Consequently, .the historical perspective is valued for 
its potential use in future system design trade studies. 
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TITLE: F-IS Fire Control System Tie-In"*^lock Diagram 



COMMENTS; .The F-15A is a singTe-place high performance air superiority tactical 
fighter. Its prime mission is a'ir-to-air operations and it has ground support 
capability; The Fire Control System consists of the radar set APG-63, lead 
computing gyro subsystem, indicator group, and the heads-up display set AVQ-20 
and is associated with 13 other siibsy stems in its signal processing network. 1 
The F-15 was selected as representative of contrasting generations of avionics 
systems in the period 1959-T974 (see. Chart 1.3-2.1). An implicit assumption in 
pred"icti on methods is that estimates on specific parameters of'interest such as 
operational performaace', logistics support, and personnel skill manning would be 
proportional to similar parameters on analogous systems. Consequently, overall 
perspectives of the operations and support' performances of functionally comparable 
systems are valued for their potential application, to future design trade studies. 
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"f-15 Quantitative and Qualitative Personnel Requirements 
Information, 1973. 
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DESIGN 'CONCEPT 1: Use of Semi -Automatic Test Equipment (SATE). Equipment is 
usually constructed as consoles or test stations connected to a computer or having 
a computer as an integral part and designed to semi -automatically test functional^ 
units such as a control box, display unit, etc., when placed in the test console 
and th^ test routine is initiated by the test station operator. Some degree of 
manua l contro l is required^ the operator to complete the test. J 



DESIGN CONCEPT 2: "Use of Integrated Systems. Systems are combined into a common 
package. The packaged systems perform mutually supporting roles toVser-ve a common 
function. This type of system is distinguished from Interfacing systems which are 
aided or augmented by separate and distinct equipment. A specific example of 
integration is an on-board central computer complex which receives inputs from, 
and outputs to, various equipment.' ' . - 



A 


A 


A 


A 


A 


B 


B 


B 


B 


DESIGN CONCEPT 3: Use of Integrated Circuits. These devices are composed-©#— 
active and passive components made by diffusion, deposition, or subtractive 
(selective etching) processes. Interconnections may be formed by diffusion and 
related processes, or by wire-bonding techniques. Such a device cannot function 
if its parts are separated. 1 »2 
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DESIGN CONCEPT 4: Use of Microcircui ts. Small circuits constructed of integrated 
circuits, thin«film circuits, hybrid mixrocircui ts , and similar miniature circuits 
A microcircuit is considered as a single part composed of interconnected elements 
on or Vn'thin a single substrate to perform an electronic circuit function. 
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DESIGN CONCERT 5: Use of Built-in Test Equipnient. Test equipment and/or cir- 
cuitry included as part of functional end items of systems/equipment to provide 
for self-testing, ip-flight or on-the-ground, of the system/equipment of which it 
is a part. ' . — 
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TITLE; Comparison of Fire Control System Designs 



COMMENTS": TlTese^FTrir"ContTo1~Sy stems , acauiTe"(rt)y"tti« U .S .' Arf-force-over srcrcce 
sive intervals of time between 1959 and 1968, were selected for review and compar- 
ative analysis of impact of technology on operations, training, logistics, and 
■human resources. The-hr-se-lec-tion was i-nfl^eneedHJrimarily by major changes in 
design technology, of which five are enumerated above. The selected systems repre- 
sent varving gradations of application of each design concept; however, the amount 
by which^they differ has not been quantified. Consequently, they were categor- 
ically grouped A or B ^ wher« -A-mu^^^tS-^ pas^^ oILfiaU-ipmeDt with 
relatively low application, and B represents current generation of equipment 
with' relatively high application of theje design concepts. If the current gener-^ 
ation of equipment (Group B) is considered as a forecast of future design trends, 
then compelling reasons exist for (a) using this type of categorical grouping to 
initialize comparisons and for (b) conducting additional research with refinements 
in study methodology to improve the accuracy of the data as well as to establish 
cause-effect relationships. 



\ 



IMPLICATIONS: Past reports. 



studies, and literature have examined developments in 

" projected to 1980 

e basis of these 



electronics technology and have estimated their general ^ffects, 
on operations, training, logistics, and human resour*ces. On th 
design developments, two representative contrasting generations of Fire Control 
Systems 'were examined on a comparative basis to determine whether certain relation 
ships would reveal differences between the two groups. Thus, for example, it may 
be of interest to determine whether technological advances, as represented by 
Groups A and B, have had an influence on maintenance manhours expended on equip- 
ment repair. The establishment of such cause-effect relationships presents a 
difficult problem since they must be based on data obtained from operational or- 
ganizations. The relationships presented in Section I were, in fact, determined 
by manipulating data from various Air Force data banks, not from the results of 
controlled {Experiments. Conseauentlv caution must be exercised in the interpre- 
tation of certain cause-effect relationships shown in Section I. What may appear 
ko be due to technological change may actually be the result of other, but uniden- 
tifiable, variables. In some cases, strong evidence is found to support the 
-effects of technological change (e.g., manpower needs for certain Group B hard- 
ware repair beingmuch smaller than for Group A); in others no such evidence is 
found. Finally, it must be emphasized that the purpose for classifying the 
systems into two groups j{/as primarily to create a conceptual model for comparative 
analysis. The data in Section I. however, are presented in a format that does not 
require direct use of the groupings. 



DATA SOURCES: 1 



2. 



Air Training Command, Ad Hoc Committee, The Impact of Micro- 
electronics and Integrated Systems on Technical .Training, 
April , 1970. 

United States, Department of the Air Force, Communications- 
ETectronics Terminology, AFM 11 -t. Vol. HI, November 15, 
1973. 
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TITLE: Comparison of Fire Control Radar Subsystem Cost 

COMMENTS : Past studies indicated a relationship between equipment cost and tech- 
nological sophistication. The costs'! for an assembled subsystem were compared 
betv/een two generations of radar subsystems. The mean difference between the 
groups showed an average higher cost of $87,000 for Group B. A proportion of this 
was due to inflation. 

IMPLICATIONS : Findings indicated that for each unit of Investment cost in Group A 
designs, there were 1.9 units of investment cost in Group B designs, with some 
proportion due to inflation. A major cost parameter was the research, design and 
development of technological concepts such as integrated systems, microcircuit 
applications, built-in test equipment, and semi-automatic test equipment. Since 
the magnitude of application of these design concepts was greater for Group B than 
A, the cost difference seemed logical . However, the long-term ga.ins accruing from 
the initially higher investment can only be measured over the life cycle of a 
system, considering the operation and support effects of the equipment. 

DATA SOUPXES : 1.* Air Force Logistics Command, Wright-Patterson AFB, Ohio. 
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TITLE : Hardware Design - Relation of Number of Associated Subsystems to Fire 
Control System Type 

COMMENTS: The number of subsystems^ associated with the Fire Control System _ 
iTqH5l~irocessing network provides an evaluative measure of system interdependence 
This initi at comparison does not distinguish between integrated systems and aided, 
or augmented systems (see Chart 1.3-2.1). 

IMPLICATIONS; The mean number oi^ associated subsystems is slightly fijg|;;e*; J^!*,. . . ^ 
Group A svste ms. Whpn the acknowlediPd increased c^mpleKity and broaHev capability 
S TroSo B des qns is taken into consideration, the fact that th s group of equip- 
ment also has fiwer associated subsystems reveals an ^"^erse re ationship brt^^ 
these two factors, i.e., increased compleKity and broader funct onal capability 
not necessarily result in an increase in the number. of associated subsystems, 
"ausiblf reason may be the application of compensating design concepts. 
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TITLEi 



Comparison of Number of Line Replaceable Units (LRUs) in 
Radar Subsystems - Organizational 




ire Control 



COMMENTS: The maintenance concept incorporated in the line replalceable units 



1 



approach provides for the removal an* replacement of faulty items as the major type 
of corrective and preventive organizational maintenance. The degree to which this 
concept is designed into the subsystems is reflected in the number of LRUs. Two 
generations of radar subsystems, Group A and B, were examined to determine whether 
any trend existed ovej time with respect to this maintenance concept. 

IMPLICATIONS: Comparison of the mean number of LRUs for each group revealed an 
average difference of 6 LRUs, i.e., Group B, representing a current generation of 
equipment had, o^i the average, fewer LRUs than- Group A. Since the number nf 
pieces of equipment is a factor to be considered in logistics stocking and mainte- 
nance workload, it appears tlwt the growing complexity of system design, as repre- 
sented by Group B, does tioj>rteces sari ly result in an increase in- number of LRUs. 
A plausible factor whiclfmay account for the difference is the intearated systems 
conceit applied to Group B designs. 
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lF-lll(B)A-2-5-l, LA-7D-2-14; F-15A Quantitative and 
Qualitative Personnel Requirements Information 1973. 
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I TITLE: Comparison of Number of Work-Coded Components in Fire Control Radar 
Subsystems - Intermediate 

ICOMMENTS: Intermediate maintenance policy is based on the number of work^ 
SipiHiFtsl to be fully repaired, Pa^ljially repaired, or disc^^^^^^ 

I difference - 114 vs. 112 for A and B, respectively. 
I son. 

DftTft SOURCES : 1. "SAP Technical Orders 1F-106A-2-2W 

""""^ — 1F-4C-2-19. 1F-4D-2-19, lF-4E-2-iy, \ \ \i\-c o i, 

lF-lll(B)A-2-5-l, 1A.7D-2-14; F-15A Quantitative and 
Qualitative Personnel Requirements Information 19/J. 
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TITLE; Comparison of Manning on Fire Control Systems 



COMMENTS: Important considerations in manpower calculations are location and sys- 
tem requirements. For a given Ideation, the alert posture of the using command 
determines the level of constant physical presence of manpower. For a given system 
the number of men per position type and skill level are determined by the system 
workload. Squadron manningl of selected Fire Conti^ol Systems was eompare.d for 
differences. The systems were representative. of two generations of equipment 
(see Chart 1.3-2.1). 

IMPLICATIONS: The manning numbers and skill ratios were homogenous for the F-4s. 
F-TllA had twice the manning numbers of the F-4s, although the skill ratios 
fipproximated the same distribution. A-7D had one-half the manning of the F-4s 
but the skill ratios were equivalent. Post-hoc operational data contained in 
Section I charts sampled unscheduled maintenance only; that set of data failed to 
yield evidence that would explain the higher manning level for F-lllA. Since this 
was only one type of workload, comparing total system requirements, with alert 
posture requirements held constant, was not ^possible. 
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Air Force Human Resource^j Laboratory » Wright-Patterson 
AFB, Ohio. (Letter Communications, 1973) 
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I T ITLE : Mai ntenance Manhours on 
Organizational 



Fire Control Radar Subsystems - Unscheduled 



[COMMENTS; 



.1 



Unscheduled organizational maintenance' is a type of .workl oad generated 
I between scheduled maintenance, excluding servicing operations. J^e .maintenance 
manhours were derived from flight hour basqs ranging from 16025 to 202240. The 
only exception was F-15 which was estimated by the consensus of experts. Th6 
method of comparison considered the subsystems as representing two different gen 
legations of equipment, A and B. 

IMPLICATIONS: Findings indicated a significant difference betwe^ the two groups. 
I The current g eneration of equipment, B, had considerably lower Unscheduled mainte- 
nance than A (508 manhours vs. 1254 tpanhours, or a diffe^ ratio of 1.2.5J. 
Apparently, factors operating in the time period represented by these subsystems 
had produced the net result of i^^P^oved equ pment reliability. T^^^^^ likely 
contributors are (ay improvements in the inherent design, (b) changes m tne 
I sJhedlled maintenance cbncept whfch have reduced the probability of unscheduled 
failures, and (c) improved human reliability. 

IdATA SOURCES: 1. USAF Worl dwide Unscheduled Maintenance^ Summaries 1971. 
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TITLE: 



'Maintenance Manhoufs on Fire Control Radar Subsystems - Unscheduled 
Intermediate 

.1 



COMMENTS: Unscheduled intermediate maintenance manhours' were compared across 
nine radar subsystems. The maintenance, manhours were derived from flight hour 
bases ranging from 16025 to 202240. The only exception was F-15 which was esti- 
mated by the consensus of experts. The method of comparison considered the sub- 
systems as representing two different generations of equipment, A and B. 

IMPLICATIONS : Findings indicated some degree, of difference between the two groups, 
The current generation of equipiteht, B, had lower unscheduled maintenance than A - 
.4493 vs. 734 manhours, or a>ifference ratio of 1:1.5). The direction of the dif- 
ference was compatible with that found in evaluating unscheduled organizational 
maintenance (see Chart 1.11-2.1). This was logical since a decrease in maintenance 
load on the first level (organizational ) would yield fewer failed units being pro- 
cessed to the second level (intermediate) for disposi.tion. However, the net 
improvement in maintenance manhours was better for organizational than intermedi- 
^ 1 : ^x^^^^' influences operating on the organizational level wtktid have 
relatable effects on the intermediate and depot leveT of maintenance. 

DATA SOURCES : 1. USAF Worldwide Unscheduled Maintenance Surtwaries 1971. 
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[ TITtE r Comparison of Number of Line Replaceable Units |lRUs)|in Fire Control 
Systems - Organizational . 1 

I COMMENTS: The maintenance concept incorporated in the line replaceable units 
approach provides for the removal and replacement of faulty items as the major 
type of corrective and preventive organizational maintenance. The number of LRUs 
was- quantified for nine Fire Control SystemsJ The quantification covered units 
of all subsystems that are considered a part of the Fire Control System. This 
quantification yielded the same mean dumber bf LRUs for Groups A and &, which was 
32. Evaluating the systems- on an individual basis, the following Vere either 
substantially above (+) or below (-) the mead value: F-106A/B, +30, ,FB-111.A, +17; 
F-15, -18; A-7D, -10; F-105D, -10. There appears to be no clear-cut trend that 
|would distinguish Groups A and B. ^ - 

IMPLICATIONS: Other factors being equal such as reliability of equipment, the 
frequency of replacements per unit operating tiHie is expected to be higher for 
systems with greater numbers of LRUs, which would affect the maintenance workload. 
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TITLE : Hardware Design - Relation of Subsystem Cost to Unscheduled Organizational 
Maintenance 

COMMENTS : The relationship of sQbsystem acquisition-cost^ to unscheduled organ-, 
i rational maintenance2 was examined *on selected Fire Control radar subsystems to 
determine whether a functfenarrelationship e)^isted between these two variables. 
Since higher subsystem acquisition? cost was generally associated with more, complex 
equipment, the effect Of equipment complexity on maintenance workload was a measure 
of interest. * ' - 

- - , „ v^. 

IMPLICATIONS ; Data analysis revealed a moderate to strong inverse relationship. 
Higher subsystem acquisition cost tended to be associated with lower unscheduled 
organizational maintenance. The most likely reasons for this relationship was 
improved reliability in the design of the equipment and simplification of tasks 
on tfie organizational level. 

DATA SOURCES : 1. USAF Logistics Command, Wright-Patterson AFB, Ohio. 

2. USAF Worldwide Unscheduled Maintenance Summaries 1971. 
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[TITLE: Hardware Design'l- Relation of Siiibsystem Acquisition Cost to Unscheduled 

Intermediate Maintenance Wanhour^s 
*^ 

|C0MMENTS|^T$ relationsfiip of subsystem acquisition cost^ to unscheduled inter- 
Imedi'ate iliai^tenance2 was\examined on selected Fire Control radar subsysterps to 
detemine whether a functiional relationship existed between these two variables. 
Since higher subsystem acquisition cost was generally associated with more complex 
equipment, the effect of Equipment complexity on maintenance workload was a measure 
of interest. . . 

I IMPLICATIONS: Data analysis indicated a strong relationship between subsystem 
acquisition cost and maintenance manhours. As subsystem acquisition cost increased 
unscheduled intermediate maintenance increased. This' finding was in contrast to 
that revealed in Chart 1.11^3.1 where an increase in subsystem acquisition cost was 
associated with a decrease ih unscheduled organizational maintenance. A liXeiyi 
combination of factors which Would explain the difference shown in the above chjrt 
was displacement of some of tlie organizational workload ta-the- intermediate levei, 
increased complexity of intermediate maintenance tasks, inadequate training, and 
ineffective skill mix. \ < . 
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TITLE: 



Maintenance Concept -• Fire Control Radar Subsystems; Relation of -Number of 
Line Replaceable Units to Unscheduled Organizational Maintenanoe Manhours 

COMI€NTS: The maintenance concept incorporated' in the line reblaceable units ■ 
approach provides for the removal and replacenent of faulty ftems as the major type 
of corrective and preventive organizational maintenance. Tf^f degree to which thi s ' 
concept IS designed into the subsystems is reflected in the kjmber of LRUs. A 
count of these units was made on selected radar subsystems, and its reliition to 
maintenance manhours was examined. 1 , ^ . ciwviun to 

IMEtlCAngNS: Data analysis yielded a strong functional relationship between 
these two variables. An increase in number of line replaceable units was asso- 
ciated with an increase in organizational maintenance manhours. These findinqs 
^pf^f??? ^^^''i ^-^^-4.1 where the number of line replaceable units, in 
relation to logistics cost, showed the same consistent effect. 
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TITLE: 



Maintenance Concept - Fire Control Radar Subsystems; Relation of Numbers of 
Work-Coded Components to Unscheduled Intermediate Maintenance Manhours 



vu.u.i..,,^. ^~ fw..-^ the number of work-coded 

components to be fully repaired, partially repaired, or discarded.* The work- 
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Intermediate maintenance policy is based on 
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coded components were quantified for nine radar, subsystems, and the relation of 
this variable to maintenance manhours was examined.' The scatter diagram gives 
the empirical data on selected radar, subsystems. ' 

IMPLICA TIor^S ; Data analysis yielded a strong functional relationship between these 
tv/o variables. An increase in number of work-coded components was associated wMh 
an increase in intermediate maintenance manhours. These findings were in contrast 
to Chart 1.25-4.2 where the number of work-coded components, in relation to logis- 
tics cost, not only failed to show consistent effects but provided, as well, some 
evidence, though negligible, to suspect an inverse relationship. 
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Maintenance Concept - Fire Control Radar Antennas; Relation of Number of 
Work-^Coded Components to Unscheduled Intermediate Maintenance Manhours 



COMMENtS: Intermediate maintenanp^ policy is based on the nuwber of work-coded 

its to be fully repaired, partially repaired!, or discarded. The work-coded 



compone 



relatio 
di agram 



componelnts were quantified for selected Fire Control radar antennas, and the 
relation of this variable to maintenance manhours was examined J Th^ ^ratfp 
ives the empirical data. | 

IMPLICATAoNS : Data analysis yielded moder^ate evidence of a functional relationship 
between these two variables ( i.e., an increase in work-coded components was asso- 
ciated with an increase in maintenance manhours). With F-106A/B and F-105D excluded 
a best-fitt line or curve for the remaining points on the scatter plot would ade 
quately express the effects of work-coded cofnponents on maintenance manhours. 
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iTITLE: Maintenance Concept - Fire Control Electrical Synchronizers; Relation of 
Number of Work-Coded Components to Unscheduled Intermediate Maintenance 
Manhours 

I COMMENTS:* Intermediate maintenance policy is based on the number of work-coded 
components to be fully repaired, partially repaired, or discarded. The work- 
coded components were quantified for electrical synchronizers of selected radar , 
subsystems, and the relation of this variable to maintenance manhours, was examined 
Th6 scatter diagram shows the results of the quantification. 

I IMPLICATIONS: Data analysis yielded evidence that only small proportion of the 
h^aTioFln' maintenance manhours was attributable to differences in number of 
synchronizer components. It would appear that some other measures, such as types 
of tasks or complexity scaling of synchronizer components,. would yield a better 
accountability of maintenance time expended. 
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TITLE: 



Mairitenance Concept - F1re Control Indicator Scopes; Relation of Number 
Work-Coded Components to Unscheduled Intermediate Maintenance Manhours 

iSlicl^Ji^^fJ!??^ maintenance policy is based on the number of work-coded 
^°J^^ ^"^^^ repaired, partially repaired, or discarded. The work- 
codgd components were quantified for indicator scopes of selecte^i radir subsystems, 
an^^the relation of this variable to maintenance mSnhours was examined.^ The ' 
scatter diagram shows the results of the quantification. 

analysis yielded a moderate inverse trend (I.e., a tendencv 



iTislSsLc'SpJ^th'^f^^hr^^^ to be associated with lower maintenance manhours) 
IVaI f n 1 ""^^^^ qontributlng factors were the proportion of dis- 

cards to parUa -full repairs and task simplifications which may, in some part, 
peM?o°5eMseSJl];.'°^''' '"'"^ °' disassembly implied in the ^number orcomp'one^ts 

DATA SOURCES; 1. USAF Worldwide Unscheduled Maintenance Summaries 1971. 
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I TITLE: Maintenance Concept - Fire Control Radar Transmitters; Relation of Number 
iTWork-Coded Components to Unscheduled Intermediate Maintenance Manhours | 

COMMENTS: /Intermediate maintenance policy is based on the number work-coded 
components to be fully repaired, partially repaired, or discarded. T»e work- 
cod^ components were quantified for radar transmitters of selected ^^^ar sub|ys- 
tems, and the relation of this variable to maintenance manhotffvwas examined. The 
I scatter diagram shows the results of the quantification. 

IMPLICATIONS: Data analysis yielded evi/dence that only a smalt 
1 variation in maintenance manhours was attributable to different 
transmitter copmonents. It would appear that some other measur 
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TITLE; Fire Control Systems - Comparison pf Unscheduled Maintenance Manhours/Month 
to Skill Level Availability/Month per Squadron 

■* • 
COMMENTS; Important consi'derations in manpower calculations are location and 
system requirements. For a given location, the alert pos£ure of the using command 
determines the level' of constant physical presence of manpower. For a given sys- 
tem, tlie number of m^n per position type and skill level are determined by the 
system workload. The unscheduled workloads were calculated on the basis of 30 
FH/aircraft per month x 18 aircraft/squadron x MMH/FHt. The skill level availabil- 
ity was calculated on the basis of 85.2 manhours^month for a 5-day, 40-hour week^ x 
number of personnel. The chart shows unscheduled maintenance manhours afpended in 
relation to total available manhours. SquadrOn manning data were not available for 
F-106A/B, F-105D, and FB-lllA; therefore, it was not possible to compare workload 
against available hours, on Fire Control Systems, of these aircraft. 

* 

IMPLICATIONS; It would appear that workloads unique to the F-lllA system necessi- 



tated higher manning levels on that system than on F-4C, F-4D, F-4E, and A-7D. 
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3. USAF Human Resources Laboratory, Wright-Patterson Air Force 
Base, Ohio. 
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1 TITLE: Maintenance Manhours for Troubleshooting Actions on Fire Control Radar 
Subsystems - Unstheduled Organizational : 

rGOMMENTS: Maintenance manjiours to troubleshoot on the organizatipnal level were 
compared across selected radar subsystems. The subsystems represented two differ- 
'ent design generlitions (see Char^ 1.3-2.1). The activity was Tdentified by USAF 
Action Code "Y",^on-equipment time to isolate the primary cause of a discrepancy. 
This code excluded repair time. Th^ number of equipment' units considered and the 
USAF identificatibn codes assqciated with- them were: F-106A/B, 22, Code 74AX; 
F-105D. 13V Code 746X;: F-4C. 17. Code 741X; F-4D. 19. Code 747X; F-4E. 25.Xo^e 
74BX; FririA, 14, Code 73BX; FB-UIA, Code 73JX; and A-7D. 13, Cq^e 73AX.' 

IM PLICATIONS : Data analysis yielded a significant difference in maintenance man- 
hours expended on troubleshooting. The difference ratio was liH.S. For each hour| 
spent in troubleshooting in Group B, 11 .5 hours were" spent in Group A. Likely 
factors-producing this result were task simplification, reallocation of sptne 
troubleshooting tgsks to the intermediate level, improved equipment reliability, 
improved human reliability, and possibly the application of automatic test equip- 
inent and built-in test equipment. 

DATA SOURCES: 1. USAF Worldwide Unscheduled Maintenance Summaries 1971 . 



MODELS FOR 
DATAAPPLICATIOM: 

IIL7-42.1(L) 
IIIi7-42.3(N) 



SUBJECT: 

Maintenance Manhours by Task Type 
vs. Fire Control Radar Subsystems 
Unscheduled Organizational 

109 



INDEX: 11-9 



CROSS-INDEX: 1.3-2.1 



■ i 

1.11-9.1 



107 



J 

o 



200- 
180- 

140- 



LlOOl- 
20 



Gp. 


Equipiient 




Axes 


X 


Y 


A 


P-106A/B 




1 


199 


A 


F-105D 




2 


123 


A 






3 


195 


A 






4 


176 


A 


F-4E 


10-67 


5 


128 


u 




10—67 


6 


18 


R 


FB-lllA 


7-6 ft 


7 


8 


B 


A-7D 


12-68 


8 


12 


B 


F-15 




9 






See Chart 


l.T-ITl 




— -r 



Date Entered AF Inventory 



3 4 5 6 7 
^adar SubsTdt^ms 



ilQ 



TITLE: 



Maintenance Manhours for Adjustment Actions on Fire Control Radar 
Subsystems - Unscheduled Organization*! ^ 

« ■ ^ 

COMMENTS: Maintenance manhours for adjustments on the organizational level were 
compared across selected radar subsystems. The subsystems represented two differ- 
nUr^A^^i!*^*?"! of equipment {see Chart 1.3-2.1). The activity was identiffed by 
uajF Action Code L", discrepancy cleared by adjusting, tightening, bleeding, 
Daiani^ngy rigging. or fitting. This code excluded replacement of parts. The 
number^ equipment units consi<lered and the U$AF identification codes associated 
*t^!l'n*'^r^- F-106A/B, 22. Code 74AX.i, F-105D, 13, fcode 746X; F-4C, 17, Code 

IV^'cZl^ihl^' ^2^5 ?f \'/-J^j; '^-"l'^' Code 73BX FB^IVIA, 

12, Code 73JX; and J\-7D, 13, Code 73AX.' 

IMPLICATION S: Data analysis yielded a significant difference In maintenance man- 
hours expended on adjustments.^ The difference ratio was 1:12.9. For each hour 
spent on adjustments in Group B, 12.6 hours were spent in Group A. A likely com- 
bination of factors producing this difference were lower adjustment requirements, 
reallocation of a portion of this activity to another level of maintenance, arid 
simplification of adjustment tasks. 

DATA SOURCES : 1. USAF Worldwide Unscheduled Maintenanc^ Summaries 19^1. 
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I TITLE: Hainienance Manhours for Repair an'd/or Replacement of Minor Parts on Fire 
Control Radar Subsystem Typ6 - Unscheduled OrgarR^atj^rn*!^ 

| cOMMEm"S : Maintenance manhours for repair and/or replacement of minor parts were 
compared across selected radar subsystems. The subsystems represented two differ- 
ent gene rati oli%_Qf equipment (see Chart 1.3-2.1). The activity was identified by 

luSAF Action Takentlode "G", repair and/or replacement of minor parts, hardware, 
and soft goods such as seals, gaskets, electrical connections, fittings, tubing, . 
wiring, fasteners, and brackets. The number of eqyipment units considered and the 
USAF identification codes associated with them were: F-106A/B, 22, Code 74AX'; 
F-105D, 13, Code 746X; F-4C, 17, Code 74U; F-4D, 19, Code 747X-, F-4E, 25, Code 
74BX; F-lllA, 14, Code 73BX; FB-lllA, 12, Code 73JX;- and A-7D, 13, Code 73AX.' 

I IMPLICATIONS : Data analysis yielded a significant difference in maintenance man- 
hours expended on repair and/or replacement of minor parts. The difference ratio " 
was 1:6.5. For each hour spent repairing and/or replacing minor parts in Group B, 
6.5 hours were spent in Group A. A likely combination of factors to which the 
[difference can be attributed were reduction of task requirements, and task reallo- 
Ication to another level of maintenance. J 

DATA SOURCES: 1. USAF Worldwide Unscheduled Maintenance Surmiaries 1971. 
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TITLE ; Maintenance Manhours for Remove and Replace Actions on Fire tontroi ^^adar 
Subsystems - Unscheduled Organizational 

COfWENTS : Maintenance manhours^ to remove and replace equipment units on the 
organizational level were compared across selected radar subsystems. The subsys- 
tems -represented two different generations of equipment (see Chart 1.3-2.1). 
The activity was identified by USAF Action Code "R", item is removed and another 
like item is installed. The number of equipment units considered and*-the USAF 
- ■ • Identification codes associated with them were: F-106A/B, 22, Code 74AX; F-105D, 
la. Code 746X; F-4C, 17, Code 741X; F-4D, 19, Code 747X; F-4E,, 25, Code,74BX; 
-F-T11A,;14, Code 73BX; FB-lllA, 12, Code 73JX; and A-7D, 13, Code 7aAX. ' 

IMPLICATIONS: Data yielded a difference ratio of 1:1.9'. For each hour spen4:^ on 
this task- in Group B, 1.9 hours were spent in t3roup A. ■ The firtdings based upon 
group comparisons were not considered statistically significantv - On a paired 
compariSdn basis, A-7D was substantially Tower than efll of the _7 subsystems wi^h 
which it was compared. A likely combination of factors for observed differences 
of magnitude were improved equipment rel i ability -and better accessibility. 

DATA SOURCES : 1. USAF Worldwide Unscheduled Maintenance Suinmaries 1971. 
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Radar Subsystems 



TITLE: .Maintenance Manhours for Removal 
' Unscheduled Organizational 



Actionsi-pn Fire Contri«i Radar Subsystems - 



COMMENTS : Maintenance manhours for removal actions were compared across selected 
radar subsystferas. The subsystems represented tWQ different generations of equip- 
Iment (see Chairt 1.3-2.1). The activity was identified by USAF Action Taken Code 
"P" and covered removal actions only. The number of equipment units considered 
and the USAH identification codes associated with them were: F-106A/B, 22, Code 
74AX; F-105D, 13, Code 746X; F-4C, j7, Code 741X; F-4D, 19, Code 747X; F-4E. 25, ^ 
Code '74BX; F-lllA, 14, Code 73BX; FB-lllA, 12, Code 73JX; and A-7D/13, Code 73AX. 

IMPLICATIONS: Data yielded a sig«4.ficant difference ratio of.l:4.1. For each 
hour spent' oft this activity on Group B equipment, 4.1 hours were spent on Group A 
equipment. The most likely combination of facters responsible for thts difference 
were lower frequency of occurrence, improved fault isolation, and better accessi- 
bility to equipment units. 

DATA" SOURCES: 1. USAF Worldwide Unscheduled Maintenance Summaries 19|1. 
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TITLE: 



Maintenance Manhours for Installation Actions on Fire Control Radar 
Subsystems - Unscheduled Organizational 

.1 



COMMENTS : Maintenance manhours' to install an equipment item were compared across 
selected radar subsystems. The subsystems represented two different generations 
of equipment (see Chart 1.3-2.1). This activity was identified by USAF Action 
Taken .Code Q and covered installation actions only. The number of equipment' 
S"]JL/2"^io^^^'^/"'' ^^'^^ identification codes associated with them were: 
ri°^?{§i ^l^i^'^^J^^^l ^-1°^°' Code 746X; F-4C, 17, Code 741X; F-4D, 19, ' 
S°7n ^??^'/:'*^4iS'l^°''^ f'-niA, 14, Code 73BX; FB-lllA, 12, Code 73JX 

M-/U, 13, Code 73AX,. , ' 

Data yielded a significant differem^e^lTwHidJwas identical to 
that found for remove only activities, 1:4.1. ^nce these two activities are 
related, the findings were expected. Group B showed .lower maintenance manl^ours 
for this activity. For each hour expended on instgllation activities in Group B, 
4.1 hours were expended in Group A. ^ 
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TITLE : Relation of 3ABR32231 Training Time to Fire Control Radar Subsystem 
Acquisition Cost |' » 

COMMENTS: Course 3ABR3Z231 provides formal school training^ for Semi-Skilled 
Level 3 M echanics on Fire Control radar subsystems. Using equipment acquisition 
cost2 as a single logical descriptor of technological sophistication (see Chart. 
1. 3-2.1), its relationship to training time yas examijned. 

IMPLICATIONS: Data failed to yield significant findings. .Jowj^er, there w^^^^ 
moderate n eg ative relationship, i.e.. a tendency for training time to decrease as 
subsystem cost increased. 

DATA SOURCES : 1. ATC/ACMF,' Randolph AFB, Texas, October 1972. 

2. USAF Logistics Command, Wright-Patterson AFB. 
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TITLE: Comparison of 3ABR32231 Training Time on Fire Control Systems 



COMMEHTS ; Semi-skiHed Grade E-3 rank is awarded to graduates of Course 
3ABR3223K This course prepares airmen for semi-skilled maintenance tasks on 
Fire Control Systems. Training time was compared on selected system^ to determine 
to what extent the amount of training varied. 

IMPLICATIONS; The data showed low variation in the amount of training across 
systems. It would appear that changing designs over time have not affected the \ 
amount of basic training given on Fire Control Systems as measured by *th€ course 
length of 3ABR32231. This finding was of interest when the systems were viewed 
as representative of growing complexity. Since basic training was more closely 
allied to organizational maintenance than it was to intermediate maintenance, 
it was considered more directly 'reflective of organizational than intermedlaite 
requirements. For impact of changing designs oh intermediate maintenance perfor- 
mance. Skill LeveTs 5 and 7 training data would 'be appropriate* ^ \ 

mk SOURCES; 1. Lowry Technical Training Cenjer, Lowry AFB, Xoloradp 80230 



(Personal Conmuni cation, 1972)' 
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Fire Control Rad'ar "Antennas 



■jmi: Comparison of 3ABR3223TTraining Time on Fire Control Radar Antennas 

COM MENTS : JDcaining times were compared on selected Fire Control radar antennas to 
determine to what extent the amount of training varied, Tte data were obtained 
'from training experts at the technical training ^chool where the courses were 
conducted. 1 

i . ■ . 

IM PLICATIONS ; The amount of training was^ comparable for five of the eight 
antennas'. "F-IOGA/B and F-105D were distinctively high. 

DATA SOURCES ; ' 1. Lowry Technical Training Center, Ldwry AFB, Colorado 80230 
(Personal Communication, 1972) 
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Fire Control Electrical Synchronizers 



TITLE ; Comparison of 3ABR32231 training Time on Fire Control Electrical - 
Synchronizers . • 

COMMENTS; Training times were compared on selected Fire Control electrical 
synchronizers to determine to what extent the amount of training varied. The data 
wereobtained from training experts at the technical training school where the 
courses were conducted * ' * 

IMPLICATIONS; The data yielded significant differences among the synchronizers. 
The amount of training given on electrical synchronizers was lower for Group B than 
Group A Fire Control Systems. When these data were reviewed in conjunction with 
Charts 1.30-9.2, r.30-9.'5, 1.30-9.10, and 1.30-9.14, there was insufficient evi- 
dence to concludethat the lov/er , performance times were associated with greater 
amounts of traihimg time, or that higl; performance times were associated with low 
amounts of training. It appeared that the variations in training were caused, 
most plausibly, by differences in maintainability concept- and differences in 
design actina in combination, with some smaller proportion of the variation 
attributable to instructional methods. It is significant to note the differences 
Ui training time on the F-106A/B and F-105D, both belonging to Group A. 

DATA SOURCES:. 1r Lowry Technical Training Center, Lowry AFB, Colorado 80230 



(Personal Communicatiolf, 1972) 
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I TITLE : Companson of 3ABR32231 Training Time on pfre Control Indicator Scopes 



CO MMENTS: Training times were compared on selected P^T^ Control indicator scopes 
to determ ine to-what extent the amount of training" varied. The data were obtained 
[from trainin/experts at the technical -training school »where the courses were 
I ''inducted. 1 / 



IMPLICA' 



\um of 



The data yielded significant differences among the indicator scopes 
I The amou 1 » of training given on scopes was lower for Group B than Group A. When 
these training data were examined iri terms of level of performance obtained as < 
shown iS Charts 1.30-9.3, 1.30-9.7. 1.30-9.11. and 1.30-9.15. there were singular 
cases where low amounts of training were associated, with high Pe'^^o'"'^"" .^I'^f ^" 
F-106A/B and A-7D - which implicated under-training. In most instances, however, 
comoarable performance levels were associated with varying amounts of training. 
iHould ap?lar that factors operating differentially on. these indicator scopes 
lhave produced differences in training requirements. Suspected factors were_ main- 
tainability concept anj" 
variation attributable' 

I DATA SOURCES : 1. LowtV Technical Training Center, \owry AFB, Colorado 80230 
(Personal Communication|, 1972)-^ 
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TITLE : Comparison of 3ABR32231 Training Time on Fire Control Radar Transmitters 



COMMENTS ; Training times were compared on selected Fire Control radar transmitters 
to determine to what extent the amount of training varied. The data were obtained 
from training school where the courses were conducted.' 

IMPLICATIONS; Data yielded significant differences among tjhe transmitters. The 
amount of training given on Group B designs was lower than ftor Group A designs. 
These training data were reviewed in conjunction with Charts^ I. 30-9. 5, 1.30-9.9, 
1.30-9.13 and 1.30-9.17 to determine the relationship between the level of per- 
formance obtained and the amount of training. Singular cas'fes existed for A-7D - 
where high performance times-wre- associated with low training times, which 
implicated under-training. However, in general, there was insufficient evidence 

to conclude that the low performance tfmes were associated with high amounts of 
training, or that high performance times were associated with low amounts of 
trajning. It appeart^l that varied amounts of training were required to produce 
comparable levels of performance. A plausible combi4iation of reasons for these 
findings were differences in maintainability concept and equipment design, with 
some smaller proportion of the variation due to instructional methods. 

»• 

D ATA SOURCES ; 1. Lowry Technical Training Center, Lov/ry AFB, Colorado 80230 * 



(Personal Communication, 1972) 
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ITLE: Comparison of 3ABR32231 Training Cost per Student for Fire Control Systems 



COMMENTS: Training cost per student for semi -ski lied level Grade E-3 award was 
compared across selected Fire Control -Systems. Course 3ABR32231 is the basic 
technical course conducted in an A1r Force technical training schobl to prepare 
airmen for system maintenance. The training cost per student included: 

Direct Cosb - Costs related to training operations. 
Indirect* Costs - Cost related to operation of base facilities. 
Command Overhead - Proportionate share of major air command overhead. 
Student Pay and Allowance - Standard military rate for the average grade 
(rank) of the student during the effective course length. 

The cost data were derived in collaboration with Randolph Air Force Base. FY '71 
costing was used. 

IMPLICATIONS: It is apparent from the bar graphrtbat the training cost per 
Student was lower for Group B than Group A Fire Control Systems. Some portion of 
this was due to the course length itself (see Chart 1.19-8.1). The findings 
implicated a difference in the basic trainijig given for systems representing- past 
and current generations of equipment. Conceivably, what was considered baste* in 
Group A was not the case in Group B. In view of the fact that Group B equipment 
are considered more complex, plausible explanations for these findings are (a) the 
redirection of training to other skill levels and (b) augmented training through 
special courses. Training costs for other courses should be exr— 

DATA SOURCES: 1. ATC/ACMF, Randolph *Air Force Base, Texas, (/ersonal 
Communication, 1972) 
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TITLE: 



Relation of 3A8R32231 Training Time to Unscheduled Organizational 
Maintenance Manhours - Fire Control Radar Subsystems 
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COMMENTS;- Course 3ABR32231. provides fonnaT school training' for Semi-Skill 
Level 3 Mechanics on Fire Control tadar subsystems. Its relationship to unscfi^duled 
organizational maintenance manhours was examined to determine whether the amount ' 
of training was influenced by unscheduled maintenance manhours. The assumption 
was that this type of maintenance opcurred because of unpredicted or unexpected 
failures due to equipment unreliability, human unreliability, or a combination of 
both. One way to increase human reliability is to increase the training. Since 
Skill Level 3s were normally assigned to organizational level of maintenance, only 
that level of maintenance was examined. ^ i ^ 

IMPLICATIONS; The scatter plot failedto reveal any observable trend M.e,, the 
training remained relatively constant regardless of the amount of uns leduled 
organizational maintendnce ). However, when training was analyzejl on specific line 
replaceable units (See Charts 1.19-8.3 through L19-0.5), significant differences 
in training were revealed). It would appear, therefore, that an analysis on too 
general a level could obscure the existence of true differences. 

DATA SOURCES : 1. ATC/TTP, Randolph AFB, Texas, (Personal Communication, 1972) 
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TITLE: Relation of Loql sties Cost to Fire Control Radar Subsystem Cost 



COMMEfiTS : The relationship between subsystem acquisition cost and logistics 
support cost was examined on selected Fire Control radar subsystems to determine 
whether a change in^subsystem acquisition cost resulted in some consistent change 
in logistiGs cost. The logistitsSsupport cost considered the subsystem as a 
whole', and the cost factors included base labor, depot labor, materials, condem- 
nations, transportation, packing and shipping.' The subsystem acquisition cost 
was for an assembled subsystem. 2 The scatter diagram shows the pairs of values 
for these two variables on seven subsystems. F-106A/B subsystem acquisition cost 
was not av|iilable. ' 

IMPLICATIONS : Data analysis yielded a clear-cut trend that signifffrantly related 
these two variables functionally. As subsystem acquisition cost increased, 
logistics support cost also increased. For 5.44 units increase in subsystem 
acquisition cost there was one unit increase in Toaintic cost. It appeared that 
tne equipment cost itself had high predictive power in estimating logistics cost. 

D ATA SOURCES ; 1. USAF Logistics Command, K0.51 PN4L Quarterly Logistics Report, 

December 1971. 

2. USAF Worldwide Unscheduled Maintenance Summaries 1971. 
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TITLE: 



Relation of Logistics Support Cost to Number of line Replaceable Units in 
Fire Control Radar Subsystems - Organizational Maintenance 

COMMENTS : The relationship between loqistics .support cost and line replaceable 
units (see Chart 1.4-2.1) was examined on selected Fire Control radar subsystems to 
determine whether a change in number of units resulted in some consistent change 
in logistics cost. The logistics support cost considered the subsystem as a whole, 
iind the cost factors ipcluded base labor, depot labor, materials, condemnations, 
transportation, packing and shipping J The scatter plot is based on pairs of 
values for these two variable^ 

IMPLICATIONS : Statistical test yielded a low positive relationship, indicating 
some tendency for logistics support cost to increase as numbers of line replace- 
able, units increased. It appeared from an examination of the scatter plot that 
two separate curved lines would fit the data points better than one — the first 
connectijig FB-lllA, F-lllA and F-106A/B, and the second connecting F-105D, A-7D, 
F-4C, F-4D and F-4E. Both lines yielded approximately the same form, with the 
first on a higher plane. When these data were viewed in conjunction with the 
findings of Chart 1.25-3.1, it appeared that the number of units in combination 
with equipment unit costs were responsible for the dollar differences in logistics 
support. Also, when compared with Chart 1.25-4.2, contrasting trends were noted; 
LRUs and logistics tended to vary in the same direction, while an increase in 
intermediate level components was accompanied by a decrease' in logistics cost; in 
both cases, these functional relationships were low. 
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TITLE: 



Relation of Logistics Support Cost to Number of Work-Coded Components in 
Fire Control Radar Subsystems - Intermediate Maintenance 

COMMENTS: The relationship between work-coded |trtnponents (see Chart 1.4-2.2) and 



logistics support cost' was examined on select*li fire Control radar subsystems'^ on 
the logical contention^ that spares provisioning would be influenced by the number 
of work-coded components that needed to be stocked. The logistics support cost 
considered base labor, depot labor, materials, condemnations, transportation, 
packing and shipping. The scatter plot is based on p^airs of values for these two 
variables. 



IMPLICATIONS : Considering all pairs of values, the data did, not exhibit any clear 
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USAF Logistics Command, K0.51 PN 4L Quarterly Logistics Report, 
December 1971. * 
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TITLE; Ldgi sties Support Costs on Antennas of Fire Control Radar Subsystems 

COMMENTS : The .logistics support costs considered btise labor* depot labor, 
materials, condemnations, transportation, packing and shipping.' F-106A/B data 
were not available. 

IMPLICATIONS : Findings yielded a significant difference between the two genera- 
tions of equipment. ^For each unit of logistics cost spent in Group A designs, 
2,2 units were spent in Group B designs. In view of Chart 1.25-3.1 where a strong 
functional relationship was found between subsystem cost and logistics cost, it 
appeared that substantially the same kind of relationship would be obtained if a 
cost comparison were made on the subassembly- and cojnponent levels. These findings 
were also suggestive of differences in the proportions of restore v$. discard 
actions existing among the equipment units. 

DATA SOURCES : 1. USAF Logistics Command, KG. 51 PN4L Quarterly Logistics Report* 

December 1972. 
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TI TLE: Logistics Support Costs on Electrical Synchronizers of Fire Control 
Radar Subsystems 

COMMENTS : ' The logistics support cost considered base labor, -depot labor, 
materiaTs, condemnations, transportation, packing_and shipping.' 

IMPLICATIONS; Data analysis revealed extreme variations within each generation 
of equipment as well as between the two generations of equipment, A and B. The 
difference between the lowest and the highest cost was $3335. Chart 1.19-8.3 pro- 
vides a possible partial explanation for F-lllA, FB-lllA and A-7D. That chart 
revealed that the training time was vefy low for Skill Level 3. If this were 
generally indicative of the amount of training given to Skill Levels 5 and 7, for 
which no data were available, then it would appear that lowered requirements for 
skills training would be complemented by a higher ratio of discards to partial- 
full repairs. The primary contributors to logistics cost then would'be the 
equinment cost itself, assembly, subassembly, and component levels, as well as 
the failure rate. Likewise, Chart 1.19-8.3 indicated that substantially more 
training was given on the F-105D Fire Control electrical synchronizer than any of 
the other seven Fire Control electrical synchronizers with which it was compared, 
and the logistics cost for the F-105D synchronizer was the lowest. Some combina- 
tion of factors such as maintenance policy, lower skill utilization equipment 
reliability, and adequacy of training would have the net effect of producing 
logistics cost differences. 

D ATA SOURCES; 1. USAF Logistics Command, K0.51 PN4L Quarterly Logistics Report, 

December 1971 . . 
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TS: The logistics support costs considered base labor, depot Tajbor, ^ 
aXs, condemnations, transportation, packing and shipping.! 



IMPLICATIONS : Findings yielded a significant difference between thfe two gener- 
ations of equipment. For each unit of logistics cost spent in Group A designs, 
5 units were spent 1n Group B designs. In view of Chart 1.25-3.1>>where a strong 
functional relationship was found between subsystem cost and logistics cost, it 
appeared that substantially the same kind of relationship would be obtained if a 
cost comparison were made on the subassembly and component levels* These findings 
were also suggestive of differences in the proportions of restore vs. discard 
actions existing among the equipment units. 
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USAF Logistics Command, K0.51 PN4L Quarterly Logistics Report, 
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TITLE: Logistics Support Costs on Transmitters of Fire Control Radaf 
Subsystems 

COMMENTS: The logistics support costs considered base labor, depot labor, 

■ ■• '• -* -hipping.' F-106A/B 



/ 



data 



materials, condemnations, transportation, packing and s 
were not available. 

IMPLICATIONS: Findings yielded a significant difference between the two genera- 
tions of equipment. For each unit of logistics cost spent in Srj";P J/"^?"?' 
5 units were spent on Group B designs. Excluding A;7D, which fj^^^fd .Jra t caiiy 
from F-lllA and FB-lllA,^the ratio was 1:7 units. In view of the relationship 
between subsystem cost and logistics cost (see Chart 1.25-3.1), it appeared that 
the same kind of relationship would be obtained if a cost comparison were made on 
the subassembly and component levels. These findings were also suggestive of dif- 
ferences in the proportions of restore vs. discard actions existing among the 
equipment units. 
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DATA SOURCES: 1 



USAF Logistics 
DecembeV 1972. 



MODELS FOR 
DATA APPLICATION: 

m.4-72.1(B) 
III. 4-72. 1(D) 



ERIC 



SUBJECT: 

Logistics Cost - Transmitters of 
Fire Control Radar Subsystems 

129 



1.25-5.4 



INDEX: 25-5 



CROSS-INDEX: 1.3-2.1 
1.25-3.1 



48 



in 
a 



32 



g24 



o 
o 
o 



16 



Sym- 
bol 



A 

ii) 
•» 

y. 



Equipment 



* 

Mo.-Yr. 



F-106A/B 

F-105D 

F-4C 

F-4D 

F-4E 

F-lllA 

FB-lllA 

A-7D 

F-15 



7-59 
5-60 
5-63 
12-65 
10-67 
10-67 
7-68 
12-68 



1927 
1404 
2217 
2126 
2269 
1012 
648 
1159 



49100 
657C 
2227C 
2489C 
2209C 
4353C 
3630C 
1926C 



*Data EiUcn^d AF tnvontory 



10 20 
MMH/IOOOFH XlOO 



_j 

30 



TITLE: 



Relationship between Maintenance Manhours and Logistics Support Costs 
on Fire Control Radar Subsystems * Unscheduled Organizational and 
Intermediate Maintenance 

COMMENTS; The relationship of unscheduled maintenance manhours to logistics 
support costs was examined on Selected Fire Control radar subsystems to determine 
whether changes in maintenance manhours produced a consistent effect on logistics 
costs. The logistics costs considered the subsystem as a whole, and the cost 
factors included base labor, depot labor, materials, condemnations, transportation, 
packing and shipping.' The maintenance manhours were based on unscheduled organ- 
izational and intermediate level of maintenance and considered all task types and 
all equipment units work-coded for maintenance action on the organizational and 
intermediate levels. 2 

IMPLICATIONS; Analysis failed to yield any clear-cut trend that would relate 



these two variables functionally, although the logical contention was that some 
observable trend should exist. Statistically, there was a low tendency for the 
hiytier logistics costs to be associated with the lower maintenance manhours. A 
more precise measure would be obtained if depot maintenance data as well as sched- 
uled maintenance for all levels were included. These data were not available. 

DATA SOURCES; 1. USAF Logistics Command, K0.51 PN4L Quarterly Logistics Report. 

December 1971. 

2. USAF Worldwide Unscheduled Maintenance Summaries 1971. 
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Tire Control SyeteM 



TITLE: 



Occupational Duty - 322X1 Weapon Control Systems Mechanic or lechniciani 
Time Spent on General Electronic Maintenance and Repair of Fire Control 
Systems by Performing Skills 

COMMENTS: Job inventories^ conducted by the U.S. Air Force in 1972 "resulted in a , 
duty ana lysis of specific tasks performed by Skill Levjsl^ 5 «nd 7 under the duty 
of general electronics equipment maintenance and ref^tir. There wert 27 task's | 
listed for this duty; 5 were trouble analyses; 7 were ^"stallation o. components 
which ificluded soldering, wiring, etc.; 5 were replacement of components, and 
2 were testing, of components. Combined they represented 70X of the duty. The 
percentage of time spent by performing skill levels was converted to manhours per 
month. The computation base was predicated on 85.2 available n»a"hours/month tor 
H-diy. 40-houf week.Z Selected Fire Control Systems were compared to determine 
what variations existed on the amount of time spent on this duty. F-lllA and 
FB-niA data were not available. 

IMPLICATIONS": There was low variation across the Fire Control Systems. The com- 
bined t mes o f Skill Levels 3. 5. and 7 showed that approximately the same amount 
of time was spent on this duty.^ The largest difference ^^as 20 hours and this was 
between F-105D and F-106A/B. The ratios of Skill Levels 3:5. 3:7. and 5:7 were 
cSSIfrSble and fv^raged 1.5X:U in all cases. The one except on was ^^-1050; S i 1 
Level 3 did not perform this duty. Since time spent and skill mixes showed rela- 
tively low differences, it appears that the demands of this duty have not changed 
substantially across Fire Control System^. 



DATA SOURCES: 1. 



Air Force Human Resources-Laboratory. Lackland Air Force Base. 
Texas. (Letfer Communications. 1973) 
2. USAF Cost and Planning Factors, AFM 172-3. October 27. 1970. 
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TITLE: 



Occupational Duty - 322X1 Weapon Control Systems Mechanic or Technician; 

Time Spent on Power Off Inspections by .Performing Skills on Fire Control ' 
Systems 

COMMENTS : Job Inventories^ conducted by the U.STT^Ir Force In 1972 resulted In a 
duty analysis of specific tasks performed by Skill Levels 3, 5 and 7 under the duty 
of power off inspections on weapons control systems. There were 46 tasks listed 
for this duty. Twelve were aircraft and aerospace -ground equipment inspections 
and preparations and 28 were inspections of systems and svstem components. Com- 
bined they represented 87X of the duty. The percentage of time spent by perfor- 
ming skills was converted to manhours per month. The comoutation base was 
predicted on 85.2 available manhours/month for a 5-day, 40'-hour week. Selected 
Fire Control Systems were compared to determine what variations existed in duty 
performance across different system desings. F-lllA and FB-lllA data were not* 
available, thereby narrowing the comparisons to conventional systems ( Group A). 

IMPLICATIONS: Combining the time spent by all skills, the F-4s were relatively 
homogeneous on this measure but contrasted significantly with F-106A/B and F-105D. 
The time spent on this duty was at least two times greater for F-4s than for 
F-106A/B and F-105D. In terms of skill mixes, the F-4s and A-7D showed comparable 
ratios. F-105D was unique in that Skill Level 3 did not perform this duty and 
!!li!i>TL^ time was extremely low, while skill level 7 showed the largest 
r"'?i'?J,« «J P^^"^?''^^. "reason for the great disparity between the F-4s and 

F-1C'6A/B and F-105D may be due in part to two place vs. one-place designs, where 
power off inspections in the former covered both cockpits. 

DATA SOURCES: 1. V\ir Force Human Resources Laboratory. Lackland Air Force Base. 

Texas. (LaUer Communications, 1973) 
2. USAF Cbst efnfl Planning Factors, AFM 172-3, October 27, 1970. 
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TITUEi Occupational Duty - 322X1 Weapon Contfol Systems Mechanic or Technidani 
Time Spent on Flight-Line Checks and Adjustments by Perfoming Skills 

rnMME"TS- Job inventories^ conducted by the U.S. Air Force in 1972 resulted in a 
W^lysifof specif "task^ perforn^d by Skill Levels 3. 5 and 7 under the duty| 
of fliSht-l ne chebks and adjustments. The percentage of time spent by performing 
ski 1 levels was converted to manhours. The computat og base was predicted on 
85 2 aia able manhours/nonth -or a 5-Hay. 4n-hour wee ^ reelected Fire Control 

(Group A). 




IMPLICATIONS: The skill ratios as Well «V ^^e t^J^^P^"* 
the P-4s and A-7D; there was a low difference.^ F-106A/B ^jd MOBD repress 
[extreme hi ah and low. The amount of time spent on the F-106A/B system was -twice 
af hiSh as that for any of the F-4s or A-7D, while F-105D was less than o.ne-half 
' he aS^unt ? tile's SJlt^on F-4 or A-7D A logical explanation was he number of 
different tasks that constituted this duty see Charts 1-27-2.1 and 1.27-2.2). 
p infiA/R hid the hidhest number of flight-line checks and adjustment tasks. The 
nJibef^of different^Sarks S be due to a mix of one-place and two-place versions 
Ifor F-106A/B. 

D ATA SOURCES ; 1. Air Force Human Resources Laboratory, Lackland Air Force Base, 

Texas. (Letter Communications, 1973) 
2. USAF cost and Planning Factors, AFM 172-3. October 27, 1970. 
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TITLE: 



Occupational Duty^- 322X1 Weapon Control Systems Mechanic or Technician; 
Time Spent on Field Shop Repair of Components or Subassemblies by 
Performing Skills 

COMMENTS; Job Inventories^ conducted by the U.sl A1r Force In 1972 resulted In a 
duty analysis of specific tasks performed by Skill Levels 3, 5 and 7 under the 
duty of field shop repairs. The percentage of time spent by performing skill level 
was converted to manhours. The computation base was predicted on 85.2 availjihl^ 
manhours-month for*a 5-day, 40-hour week/ Selected Fire Control Systems were 
compared on this performance measure. F-lllA and FB-niA data were not available. 
The job inventory data showed OX of time spent on A-7D system; therefore, the only 
systems compared were F-106A/B through F-4E. 



y^^g^'^'IONS; The amount of time spent on this duty appeared to have some rela- 

chSU? TP79*i? ""f fncS^.^l^!?'^?* statements describing this duty (see 
Chart 1.27-2.4). F-105D had the least number of task statements and also had the 
lowest amount of time spent on this duty. .F-106A/B, which had more task statements 

^'^b ^^""^ sp^"*i however, the difference was negligible. The 

skin ratios were also equivalent among F-.106A/B and F-4s. 



DATA SOURCES; 1. 



Air Force Human Resources Laboratory, Lackland Air Force Base. 
Texas. (Letter Cotimuni cations, 1973) 
2. USAF Cost and Planning Factors, AFM' 172-3, October 27, 1970 
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TITLE: Occupational Duty - 322X1 Weapon Control Systems Mechanic or Technician; 
' Time Spent on Field Shop Checkouts and Adjustments by Performing Skills 

« 

COMHEKTS; Job inventories^ conducted by the U.S. Air Force in 1972 resulted in a 
(futy analysis of specific tasks performed by Skill Levels 3, 5 and 7 under the 
4uty of field shop checkouts and adjustments. The percentage of time spent by 
perfonning skill levels was converted to manhours. The computation Jase was 
predicted on 85.2 avail able.manhwirs/month for a 5-day, 40-hour week. Selected 
Fire Control Systems were compared on this performance measure. r-rnA and fb- 
lllA data were not avail able. thereby narrowing the comparisons primarily to 
conventional systems (Group A). 

IMPLICATIONS ; Findings indicated an average increase of 45X in the amount of time 
spent on the A-7D system when compared with the others. The amount of time spent 
for all skills combined was comparable on the Group A systems. The skill ratios 
were likewise coit|)arable, with the exception of F-105D where Skill Level 3 did not 
perform this duty, according to the data. The nunter of task statements (see 
Charts. 1.27-2.3 and 1.27-2.5) did not provide any lead to explain the differences 
between A-7D and the Group A systems. It is likely, therefore, that the unique 
nature of the tasks themselves in combination with the number of tasks were respon- 
sible for the increase in time spent. 

DATA SOURCES; 1. Air Force Human Resources Laboratory, Lackland Air Force Base, 

Texas. (Letter Communications, 1973) 
2. USAF Cost and Planning Factors, AFM 172-3. October 27, 1970. 
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Fire Control Systems 



TITLE: Occupational Duty - 322X1 Weapon Control Systems Mechanic or Technician; 
Ttme Spent on Calibration and Maintenance of Category 11 Test Equipment 
by Performing Skills 

* 1 ' 

COMMENTS: Job inventories conducted by the U.S. Air Force in 1972 resulted in a 
duty analysis of specific tasks performed by Skill Levels 3, 5 and 7 under'the 
duty of calibration and maintenance of Category II Tes.t Equipment. There were 5t 

tasks listed'for this dutv. Thirty-three of these were system-specific - 14 for F- 
n for^F-105s, 8 for F-106s — and represented 64f:, of the duty. The percentage of 
time spent by pet*forming skill levels was converted to manhours. The computation 
base was predicated on 85.2 available manhours/month for a 5-day, 40-hour week»2 
Selected Fire Control Systems were compared on this performance measure. F-ljlA 
and FB-lllA data were not available, thereby narrowing the comparisons to conven- 
tional systems, Group A. 

i^yPycltelONS: The^ amount of time spent on the duty was comparable across the F-4s 
and F-105D. The extreme lows were F-106A/B and A-7D. In most cases, considerably 
more Skill Levels 5 and. 7 were used than -Ski 11 Level 3. The amount of time spent 
on this duty also appeared to be proportional to the number of system-specific 
tasks; the greater the number of system-specific tasks, the greater the time spent 
on this dutv. 



DATA SOURCES: 



1. Air Force Human Resources Laboratory, Lackland Air Force Base, 
Texas. (Letter Communications, 1973) 

2. USAF Cost, and Planning Factors, AFM 172-3, .October 27, 1970. 
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TITLE: Frequency of Maintenance Actions on Fire Control Radar Subsystems - 
ynscheduled Organizational - 

COMMENTS- Frequency of unscheduled organizational maintenance actions was examined 
on selec ted radar subsystems. The data were derived from flight hour bases ranging 
from 16025 to 202240.^ . 

IMPLICATIONS: There was a significantly lower incidence of unscheduled organiza- 
tional maintenance actions for Group B subsystems than Group A subsystems. For 
each unscheduled action in Group B, there were 2.7 unscheduled actions in Group A. 
Approximately the same results were obtained when unscheduled organizational mamte 
nance manhours were used as the variable of comparison (see Chart I.ll --2.1). • 
However, when the subsystem mean performance times were exanlined (see Chart^ 
I 30-2 i)» differences did npt show up cleaQrly. although the component level of 
analysis (see Chart 1.30-9.1) did provide strong evidence of differences. Appar- 
ently, it takes a number of parameters analyzed on a gross or detailed level to 
construct a factual picture of system operations. Possible combinations of factors 
resulting in lowered incipience of unscheduled maintenance are increased equipment 
reliability, increased human reliability, and changes in scheduled maintenance 
policy which have the net effect of reducing the probability of unscheduled 
failures. , 



DATA SOURCES: 1 



USAF Worldwide Unscheduled Maintenance Summaries 1971 
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TITLE: 



Frequency of Task Perfonnancc - Fire Control Radar Subsystems; 
Unscheduled OrganlzaLtlonal 



COMMENTS: Six different types of tasks' oh selected radar, subsystems were com- 
paredfor frequency of performance. The flight hour base from which the data were 
derived ranged from 16025 to 202240. The maintenance actions considered all equip- 
ment units coded for organizational restoration. These were: F-106A/B, 22, Code 
74AX; F-T05D, 13, Code 746XX; F-4C, 17, Code 741X; F-40, 19, Code 747X; F-4E, 25, , 
Code 74BX; F-lllA, 14, Code 73BX; FB-lllA, 12. Code 73JX; and A-7D, 13. Code 73AX.^ 
The selected subsystems were representative of two different generations of eoulD- 
ment, A and B. 

IMPLICATIONS . . Data yielded strong contrasting differeffces for all task types. In 
all task categories, there was considerably lower frequency of performance for 
Group B than A. As was logically expected, these findings were equivalent to those 
contained in Charts 1.11-9.1 through 1.11-9.6 where the measure of comparison was 
maintenance manhours. Since frequency of performance and maintenance manhours 
were highly correlated, either measure would be acceptable for a maintenance esti- 
mating model. With respect to the apparent differences existing between the two 
groups of design, it is possible that differences in equipment reliability, as well 
as differences in maintenance concept, account for the major proportion of the 
variations. . 

DATA SOURCES : 1. USAF Worldwide Unscheduled Maintenance Sunmaries 1971. 
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TITLE : Mean Subsystem Performance Time on Fire Control Radar Subsystems - Unsch- 
eduled Organizational . * 

COMMENTS : Performance tme was derived by cdmbining all lin^si replaceable units 
and a1 In task types. The data consisted of flight hours ranging from 16025 to 
202240.* 

IMPLICATIONS : The average performance time^ for subsvstems showed little 
variation either within or between groups. The means of Groups A and B were 
2,7 and 2.6, respectively. These findings are not considered to contradict 
the results obtained on a more detailed Jevel of analysis where components 
and task types were evaluated (see Chart 1.30-9.1). In the latter method of 
analysis, there^were strong indications that ^differences existed among com- 
ponent types as well as task types. Thus, average subsystem performance time 
should not be used as an index since it will fail to identify true differences. 
If this index of performance is used/in estimating models, to compare different 
weapon systems, it will result in an inaccurate picture of operational re- 'X,^^ 
quirements* ' 

DATA SOURCES : K USAF Worldwide Unscheduled Maintenance Summaries 1971. 



A 



WODELS FOR 
DATA APPLICATION: 

H 1.7-42.1(0) 
III. 7-42. 1(R) 



SUBJECT: 

Mean Subsystem Performarfce Time vs. 
Fire Control Radar Subsystems - 
Unscheduled Organizational 

13D 



INDEX: 30-2 



CROSS-INDEX; 1.3-2.1 
X 1.30-2.3 
1.30-9.1 



ERIC 



1.30-2.1 



137 



(0 

^8 



0^ 
B 

H 

0) 

a 
c 

E 

O 

u 



4 * 



2 



« 0 





Equipmeiit 


** 

Ho.-Yr, 


Axes 


X 


Y 


*A 


.F-106A/B 


7-59 


•L 


2*6 


- A 


F-105I) 


5-60 


z 


6.5 


A 


F-/fC 


5-63 


J 




A 


F-4D . . 


12-65 




4*3 


A 


F-4E 


10-67 




5*4 


B 


F-lllA 


10-67 


6 


7*5 


B 


FB-lllA 


7-68 


7 


6*2 


b; 


A- 71) 


12-68 


8 


1.4 




r-15 




9 






See Cliart 








** 


Date Eater 


.-.r In 


vcuLory 



1 2 3 4-5 6 7 ^ 
Fire Control Radar Subsystems* 



TITLE: 



Mean Subsystem Perforttiance Time on Fire Corttrol Radar Subsystems 
Unscheduled Intermediate ^ 

SOMMENTS: Performance time was deriv^^y combininq all work-coded compo- 
nents (see Chart 1.4-2.2) and all task t>pes. Tbe data were based on air- 
craft flight hours ranging from 16025 to 202240.' 

I, 

IMPLICATIONS ; The group means (4.5 hours for A and 6.2 hours for B) showed 
that the subsystem performance time tended to be 1.7 hojurs higher for B. One area 
that revealed high prob^ility of differences between subsystems was bench- 
check of the radar transrfiitter (see Chart 1.30-9.1). Sampling of other 
components should be-pui^sued. Analysis on the component or task tvpe level 
may locate specific areas of differences, whereas analysis at the subsystem 
level may not. The first approach permits the application of corrective actions, 
such as increased training or simplification of design for maintainability, 
in the proper area. 

DATA SOURCES ; 1. USAF Worldwide Unscheduled Maintenance Summaries 1971. 
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TITLE : Mean Slibsystem Perfowance Times by Task Type on Fire Control Radar 
~" SubsyS^tems --UnschedyTBd Orqani^attonal f 

COMMENTS: Mean ma^nten^^nee times (hours) were derived by combininq the averages for 
an line replacement units, i.e., fexamininq the subsystem as a whole. Therefore, 
the mean times -are for specific task types and consider all line replaceable units 
of a specific. subsystem. The task types represented the .chief maintenance actiops 
practiced on the organizational level' and were: . , .1 

(a) Adjust -"Discrepancy cleared by adjusting, tightening, bleeding, balanc- 
ing, rigging, or fitting. . • ^ l^ a 
Remove and Replace - Item is removed and another like item is installed. 
Repair and/or Replacement of Minor Parts, Hardware, and Soft Goods - 
Examples of such hardware, items are seals, gaskets, electrical connec- 
tions, fittings, tubing, wiring, fasteners and brackets. 
Troubleshoot - On-equipment time to isolate, the primary cause of a dis- 
crepancy. This excludes refwir time. ^ ^ n^ ^ locon 
These are official USAF definitions. The number of cases ranged from 21 to 13690 
and were hased on flight hours of 16025 to 202240. I The sum of ranks in the last 
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column was calculated by summing the ranks assigned to each. row. The sum of ranks_ 
In the last row was calculated by summing the ranks within each column. The ranks 
were assigned by ordering all scores from low to high, and assigning 1 to the ] 
lowest, 2 tb the next lowest, etc. For tied scores, the average of the tied ranks 
was assigned. This method provided a means of reducing the/data for comparison T 
purposes. 

- .J' i 

IMPLICATIOrjS: The type of task which generated the highest mean times was troubll- 
shootingi the second highest was remove and replace; the third was repair and/or I 
replacement of minor parts; and the fourth, or lowest, was adjust. Evaluating the 
subsystems on a group basis, A and B, the same findings were obtained within each i 
group. Between groups, the mean di-fferences favored Group B,(i.e. , the mean times 
tenaed to be lower for B than A. Analyses on selected components summarized in 
Chart 1.30.9-1 identified components where differences existec^. The column ranks 
showed that when these four task types were combined to yield an index of subsystem 
mean times. Group B showed a l-ower figuVe. It appears that factors operating 
differentially between the two generations of equipment result in improved system 
maintenance performance for Group B. 

PA.TA SOURCES: 1. USAF Worldwide Unscheduled Maintenance Summaries 1971. 
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TITLE: Mean Component Performance Times Qn¥ire Control Radar Subsv?tai Components 
- Unscheduled Intermediate • . 

COMMENTS: ftean maintenance times (hours) were derived bv cwibinina averages of aV 
intermediate level task types and all work-coded components (see Charts 1. 1 1-4. J 
through 1.11-4.6) for a spectfic line replaceable unit. The numbers of cases 
ranged from 137 to 7177 for the electrical synchronizers » 11 to 2222 for the indi- 
cator scopes, 104 to 4968 for the radar antennas, and 108 to 6583 for the radar 
transmitters. The flight hour base from.which these data were drawn varied from 
16025 tb 202240.1 The sum of ranks in the last column was calculated by sunwinp 
the ranks assigned to each row. The sum ^ ranks in the la$t row was calculated by 
summing the ranks within *ach column. The ranks were assigned by ordering all 
scores from' low to high, and assigning Tto the lowest, 2 to the next lowest, etc 
so that for the 32 scores shown in the graph, the rank of 32 identified the h ghest 
performance time in the series. For tied scores, the average of the tied ranks 
was assigned. , 



IMPLICATIONS: 



ii^ruibMiiuio; The components which generated the highest mean times were radar 
antennas a nd radar transmitters , which tied for first place. The third was indicator 
scopes, and the lowest was electrical syfichroni'zers . However, the differences were 
not considered statistically significant, i.e., it appeared that on«^«type of compo 
nent was not considered more difficult than another type of component using mainte 
nance performance time as the criterion measure. These findings were in contrast 
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to the significant results obtained when task types were analyzed on the organiza 
tional level (see Chart 1.30-2.3). Evaluating the components on a*group basis, A 
and B, all four components showed higher group means for B than*A. . The mean dif- 
ferences between the groups for the comporients iiT the order listed in the chart 
were 3.0, 0.7, 1.1 and 1.7 hours with the first, third, and fourth show-ing strong 
probability of true differences. The sum of ranks in the last column provides an 
index of the relative position of the subsystems based upon. these four components 
only. The mean of the ranks was higher for Group B than A. It appears that fac- 
tors operating differentially between the two generations of equipment had resulted 
in higher component maintenance times for Group B. Plausible suspects are task 
types, design characteristics, performing skill mix, a'nd level of training. 

DATA SOURCES : 1. USAF Worj|lwide Unscheduled Maintenance Summaries. 1971 . 
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High Skill 
Low Skill 



APQ-120 
(ops. check) 



V Al'Q-120 

(calibrate/adjust) 

Average Time (Minutes) 
High Low 

Cal/Adj 73.25 115.56' 
Oprs Ck 50.50 83.45 
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TITLE: A Comparison between. Operations Check and Calibrate/Adjust Tasks in 
Organizational Maintenance of the APQ-120 

COf-flENTS: The percentage of technicians completing a check and calibrate/adjust 
tasFlrTtinie (x) is related to experience levels. Low performers tend^ts be 
associated with-f1rs1s4erm airmen; high performers with second term airmen. , 

IMPLICATIONS: Within a particular subsystem, time to perform a task not only 
depends on experience, but on the nature of the task. When opdVatlons check tasKs 
are compared to calibrate/adjust tasks it is notable that experience has a greater 
effect on the latter. The implication is that maintenance training shOiJld ejiipha- 
size the more difficult tasks or that a system should be designed such that these 
tasks can be accomplished with greater ease. 

DATA SOURCES: 1. Lintz. L. ,-i0y-,-5.-r Brock, G. , and Pntempa, K. , Predicting 

Maintenance Task Difficulty and Personnel SWll Requirements Based 
-on Design Parameters of Avionics Subsystems. AFHRL-TR-72-75, 
Air Force Human Resources Laboratory, Wright-Patterson Air Force 
Base, Ohio, August 1973. 
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TITLE: Organizational - Functional Checkout of APQ*120 and APQ-109 Transmitter 



COMMENTS; The percentage of technicians completina a checkout task in time (x) is 
related to experience levels. Low performance tends to be associated with first 
term airmen; high performance with second term airmen.' Variables affectinq dif- 
ferences in checkout time between APQ-120 and APQ-lOg include: (1) Number of 
checkout steps - AP0.120 - 531; APQ-109 = 430. {2) Test eouionent - Tfof the 
AP0-120; none for the APQ-109. (3) Test points - APO-120 = 39; APn-109 * 74. 
«pabimrlhL"A?S?lJ9° air-to-air and air-to-ground functional 

IMPLICATIONS: By increasing system capability, there is a resultant increase in 
checkout steps and time to perform. 

DATA SOURCES; 1. Lintz, L., Loy, S., Brock, R. , and Potempa, K., Predicting 

Maintenance Task Difficulty and Personnel Skill Requi reinents Based 
on Design Parameters of Avionics Subsystems. AFHRL-TR-72-75,' 
Air Force Human Resources Laboratory, Wrinht-Patterson Air Force 
Base, Ohio, August 1973. 
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TITLE: Field - Functional Checkout of APQ-120 and APQ-109 Transmitter. 



COHHEHTS; The percentage of technicians completing a checkout task in time X is 
related to experience levels. Low skill performance tends to be associated with 
first-term and high skill performance with second term airmen, Relevant variables 
include: (1) Number of checkout steps - APQ-120 -370; APQ-109 » 379. (2) Test 
equipment - APQ-120 - 4; APQ-109 = 2. (3) Test points: APQ-120 - 17; APQ-109 » 
9. (4) Test equipment readings - 91* on the APQ-120 are quantitative; 53X for 
the APQ-109. (5) Complexity - Air-to-air and air-to-ground functional capabili- 
ties are greater for APQ-120 than APQ-109. 

IMPLICATIONS: More complex diagnostics, requiring quantitative readings, results 
in greater performance time for both high and low skills (experience), but with 
greater impact on the latter. 



DATA SOURCES: 1 . 



Lintz, L., Loy, S., Brock, G., and Potempa, K. , Predicting 
Maintenance Difficulty and Personnel Skill Requiremtnts Based 
on Design Parameters of Avionics Subsystems, AFHRLJrR-72-75, 
Air Force Human Resources Laboratory, Wright-Patterson Air Force 
Base, Ohio, August 1973. v 
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P».018 
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TITLE: Mean Performance Times by Task tvue - Summary of Findinas 

COMMENTS: This chart provides a summary of the findinas contained in Charts * 
1.30-9.2 through 1.30-9.19 on four equipment components and describes the limi-" 
tations to bemoted when Interpreting the data. Findings which provided sufficient 
evidence to suspect .that true differences existed are identified with a P value! 
The P value states the probability of chance occurrence. For example, trouble- . 
shooting Indicator scopes show P».018 which means that the probability of obtain- 
ing the differences reported in that specific chart (1.30-9.15 )by chance alone Is 
less than 2. in 100. The lower the probability of chance factors operating, there- 
fore, the higher the probability of a true difference. Findings which yielded 
P values greater than .125 are reported as N.S. or not significant. The limita- 
tions on any interpretation based on these findings are predicated on (1) an 
understanding of the analytical tool used in the analysis, (2) the grouping of 
components (see Chart 1.3-2.1 for rationale), and (3) the sampling method. The 
analytical tool was a relatively simple test (Mann-Whitney U)»which is based on the 
idea that the particular pattern exhibited, when two sets of valuesjare arranged 
together in increasing order of magnitude, provides information about their rela- 
tionship. The criterion is based on the magnitudes of the values of one set in re- 
lation to the values fn the other set. If most the values of one set are greater 
than most of the values of the other set, it is concluded that ther^ Is 
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no random mix and that the values are generally higher in one group than the other. 
The probability distribution for U provides the P values given in the summary 
chart. The two sets were derived by grouping F-106A/B, F-105D, F-4C, F-4D, F'-4E 
together, and F-lllA, FB-lllA- A-7D, F-15 together. As explained 'in Chart 1.3-2.1, 
this division was based on an identification of major design concents that distin- 
guished one group of equipment from the other, primarily to define technological 
advances over time on a gross basis and, secondarily, to serve as an initial capa- 
bility for a preliminary'analysis of post-hoc data without which very little could 
lave been done. Therefore, these major design differences are not to be inter- 
preted as the reasons to explain the findings. This would be a premature conclu- 
sion. The actual factors which caused the results, whether they be design, per- 
forming skill mix-, training, etc., must be systematically investigated in future 
iterative refinement of handbook contents. Finally, the last limitation to be 
considered in any attempt to interpret the data is the sampling method. Sampling 
was limited to whatever field data were available. Thus, data are often missing 
or inadequate in sample size. These are identified M and S on the summary chart. 
The anomalies (A) are extreme high or low values within a group possibly due to 
inadequate sampling. Since the grouping method is indifferent to within group 
variations, one extreme point (as in Charts 1.30-9.8 or 1.30-9.11) can produce 
the effect of non-significant difference while a significant difference would have 
been obtained by excluding the extreme point. Alternati\/e methods of analyzing 
data for differences would require adequate knowledge of the distribution of meafK 
performance times for each subsystem by component and .task type, which would permit 
paired as well as group comparisons. ' 

IMPLICATIONS ; The analyses of field data contained in Charts 1.30-9.2 through 
1.30-9.19 revealed differences in performance times for specific components an(jl 
tasks. Since these data were obtained from the Air Force data storage system, and 
since no information or inadequate information were obtained on oerforminq skill 
mixes and amount of training, the s|>fecific influences producing the findings cannot 
be identified. Thus, it is possible that design, performing skill mix, and train- 
ing may be contributing factors. 

DATA SOURCE: 1. USAF Worldwide Unscheduled Maiatenance Summaries 1971. 
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TITLE: 



Mean Perfomwnce Times to Adiust PCS Electrical Synchronizers - 
Unscheduled Organizational • ^» 

C9HHENTS: The data were extracted from the USAF summary records of unscheduled 
maintenance' . The number of cases recorded 1n the sunmarles ranged from 0 to 2326, 
and were identified by USAF Action Taljen Code '1", discrepancy cleared by adjust- 
ing, tightening, bleeding, balancing, rigging, or fitting. This code excluded 
replacement of parts. The entire sample was used In analyzing for trends or 
variations in performance across successive radar subsystems, with the exception 
of FB-111A where no cases were recorded. 

IMPLICATIpWS: The information qained from the set of data revealed larqe varia- 
tlons wtthtn Groups A and B. In addition, the mean values failed to yield 
sufficient evidence that one grouo had consistently higher or lower performance 
times th«n the other <iroup. Additional Simplinq,. alternative groupings, or 
other methods of compirl son should be pursued. Any Inferences derived from 
these findings with rflsoect to direct '»causal connections that would explain ^ 
equality or inequality of means must consider the limitations under which this 
analysis of past data was mflide (see Chart 1.30-9.1). 

DATA SOURCES; l.USAF Worldwide Unscheduled Maintenance Sumnaries 1971. 
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I TITLE: Mean Performance Times to Adjust FCS Indicator Scopes - ^ 
Unscheduled OrganizationaV 

I COMMENTS: The data were extracted from the USAF summary records of unschedul ed 
maintenance'. The number of cases recorded in the summaries ranged from 58 to . 
1211* and were identified by USAF Action Taken Code "L", discrepancy cleared by 
adjusting, tightening, bleeding, balancing, rigging, or fitting. This code - 
excludecl replacement of parts. The entire sample was used i« analyzing for trends 
for variations in performance across successive radar subsystems. ' . 

[IMPLICATIONSi-^Wtren the mean values of both groups were combined and arranged 
from low to high, the resulting pattern exhibited some tendency for Group A values 
to be clustered together. As can be seen/ in the graph. Group B systems did not 
exhibit this type of clustering. The A-7D varied considerably from F-lllA and* 
FB-lllA and showed greater sim'ilarity to the Group A systems.. Based on these 
findings, it was tentatively concluded that insufficient evidence existed to 
suspect that the mean values of B were consistently lower than the mean values 
of A. Additional sampling would be desirable. Any inferences derived from 
these findings with respect to direct causal connections that would explain 
I the apparent inequality of means must consider the limi tuitions under which 
|;EtiT$ analysis of past data wasjnade (see Chart 1.30-9.1). 

DATA SOURCES: 1. USAF Worldwide Unscheduled Maintenance Summaries 1971, 
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Mean Performance Times to Adjust FCS Radar Antennas - 
Unscheduled Organizational \ 

COMMENTS : The data were extracted from the USAF summary records of unscheduled 
maintenance!. The number of cases recorded in the summaries ranged from 0 to 694, 
and vJere identified by USAF Action Taken Code "L'*^ discrepancy cleared by adjust- 
ing, tightening, bleeding^ balancing, rigging, or fitting. This code excluded 
replacement of parts. The en^tire sample was used in analyzing for trends or var-^ 
iatlons in performance across successive radar subsystems with the exception of 
fB-UlA in which there -were no cases recorded. 

IMPLICATIONS: The information gained from this set of^data revealed large vari a- 
Group A, In addition, the pattern of variations exhibited by each 
to yield sufficient evidence that one group had consistently K^er 
performance times than the other group. Additional sampling, atter'- 
ngs, or other methods of coitiparison sliould be pursued. Any infer- 
from these findings with respect to direct causal connections that 
equal tty^or inequality of meenis must consider the Hmitations und6r 
alysis of past data was made (see Chart 1.30-9.1), 
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TITLE : M6an Performance Time to Adjust PCS Radar Transmitters - . 
Unscheduled Organizational 

COMMENTS:' The data were extracted from the USAF stimmary records of unscheduled 
maintenan ce! The number of cases recorded in the summaries ranged from 5 to 

and were iSentified by USAF Action Taken Code discrepancy cleared by 
adjusting, tightening, bleeding, balancing, rigging, or fitting, l^js code 
exclilded^placement of parts. The entire sample was used in analyzing ,.r 
trends. or variations in performance across successive radar subsystems. 

IMPLICATIONS: When the mean values of both groups were" combined and arranged 
from low to h igh, the resultirig pattern showed a clustering of Group A and B , 
values at opposite ends of the distribution. The only break in tni^ Pattern was 
due to A-7D which failed to yield a consistent difference when paired with each 
a ue°iS Grorp a' NeverthelLs. even considering this, one anomaly, t e ; 
itv of obtainina this kind of outcome by chance alone is 7 in lOO. Based on tnese 
f^ld^ngsteJe'is a reasonable probability of. a true difference in mean times 
between the two groups of transmitters. Additional sampling is des rab.e. Any 
inferences derived fVom these findings with respect to direct causal connections 
iSafwould explain the possible inequality of me^n. must consider the limitations 
under which this analysis of past data was made (see Chart 1.30-9.1). 

DATA SOURCES : 1. USAF Worldwide Uns^eduled Maintenance Summaries 1971. 
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TITLE: 



■ Mea" Pe>"formance Times to Remove and Replace FCS Electrical Synchronisers ■ 

^Unscheduled Organizational ^ 

COMMENTS : The data were extracted frora the USAF summary records of unscheduled ' 
maintenance I. .The number df cases recorded-in the summaries ranged from 52 to 397 
and were identi fed by USAF Action Code Taken "R", item is removed and another like 
Item TS installed'. The entire samp,le was used in analyzing for trends or varia- 
tions in performance across successive radar subsystems. 

^ySl'^^^^^^^^' iJifoi^niation gained from this set of data showed high probability 
of differences between Groups A and B, i.e., there was a definite tendency for 
jost of the mean values of B to be greater than most of the mean values of A. 
An equivalent sta^^ent is that the mean performance time was generally hiqher 
for Group B electi^ical synchronizers than Group A. Any inferences placed upon 
these findings with respect to direct causal connections that would explain the 
apparent inequality of means must consider the limitations under which this anal- 
ysis of past data was made (see Charf^.SO-g.l). ' 
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* See Chart 1.3-2.1 
** Date Entered AF Inventory 



TITLE: Mean Performance Times to Remove and Replace FCS Indicator Scopes - 
Unscheduled Organizational 

COFWENTS: The data were extracted from the'uSAF summary records^f unscheduled 
maintenancel. The number of cases recorded in the sutmaries ranged from 16 to 188, 
and were identified by USAF Action Code Taken "R", item is removed and another 
like item is installed. The entire sample was used in analyzing for trends or 
variations in performance across successive radar subsystems. 

IMPLICATIONS: When the mean values of both groups were combined and -arranged 
from low to high, the resulting pattern yielded a clear-cut clustering of Group B 
means at the low end and Group A means at the high end. On the basis of these 
findings, the probability of obtaining this kind of an outcdme-by chance alone is 
so low that -a true difference is suspected. With additional sampling from the 
same population, it appears highly likely that substantially the same results 
would be obtained (i.e.. the mean time will generally be lower for Group B indi- 
cator scopes than Group A). Any inferences derived from these findings with 
I respect to direct causal connections that would explain the inequality of means 
I must consider the limitations under which this analysis of past data was made 
(see Chart 1.30-9.1). 

DATA SOURCES: 1. USAF Worldwide Unscheduled Maintenance Summaries 1971. 
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**lDate iatered AF Inventory 



8 9 



TITLE: 




Replace FCS Radar Antennas 



Mean Performance Times to Remove an 
Unscheduled Organizational 

COMMENTS; Thc-data were extracted from the USAF summary records of unscheduled 
maintenance I . The number of cases recorded in the summaries ranged from 15 to 
560, and were identified by USAF Action taken Code "R", item is removed and 
another 1 Ike item is installed. . The entire sample was used in analyzing for 
trends or variations in performance across successive radar subsystems. 

IMPLICATIONS; When the mean values of both groups were contined and arranged 
from low to high, the results showed a pattern of Group B values clustered 
together. The only exception was F-105D which, as can be seen in the graph, 
did not show a consistent relationship when compared with each of the values in 
Group B. Despite this one sample of extreme variation, the analysis yielded 
strong evidence that a true difference existed, and that the mean time to remove- 
and-replace radar antennas was generally higher for B than A. Any inferences 
derived from these findings with respect to direct causal connections that would 
explain the inequality of means must consider the limitations under which this * 
analysis of past data was made (see Chart 1.30-9.1). 
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** Date-rEtLter^d AF Inventory 



Radar Transmitters 



TIUE: 



Mean Performance Times to. Remove and Replace FCS Radar Transmitters - 
Unscheduled Organizational 

COMMENTS: The data were extracted from the USAF summary records of unscheduled 
maintenance!. *The number of cases recorded in the summaries r{>nged from 29 to 422, 
and were identified by USAF Actiort Taken Code "R", item is removed ^and another 
like item is installed. The entire sample was used in analyzing for trends or 
variations in performance across successive radar subsystems. 

IMPLICATIONS : Information gained from this set of data showed low variation 
within Group B and high variation within Group A attributed primarily to F-105D; 
Excluding this one anomaly, and pairing each value in Group B wit|i each value in 
Group A, the pattern exhibited by this comparison showed strong evidence of clus- 
tering which implies a general tendency for most of the mean values of B to be 
dreater than most^of the mean values of A. With F-105D included, however, no 
clear-cut group difference wa& revealed. Additional sampling, alternative 
groupings, or other methods o4 comparisons should be pursued, Any inferences 
derived from these findings with respect to direct causal connections that would 
explain equality or inequality of means must consider the limitations under which 
this analysis of past data was made (see Chart 1,30-9.1). 

DATA SOURCES: 1. USAF Worldwide Unscheduled Maintenance Summaries 1971. 
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** Date Entered Inventory 



2 3 4 5 6 7 8 
Electrical Synchronizers 



TITLf: 



Mean Performance Times for Repair and/or Replacement of Minor Parts on 
FCS Electrical Synchronizers - Unscheduled Organizational 

COMMENTS; The data were extracted from the USAF summary records of unscheduled 
maintenance'. The number of cases recorded in the summaries ranged from 5 to 509. 
and were identified by USAF Action Taken Code "G"„ repair and/or replacement of 
minor parts, hardware, and soft goods such as seals, gaskets, electrical connec- 
tions, fittings, tubing, wiring, fasteners* and brackets. The entire sample was 
used in analyzing for trends or variations in performance across successive radar 
subsystems. 

IMPLICATIONS: Information gained from this set of data showed high probability of 
differences between Groups A and B (i.e., there was a definite tendency for most 
of the mean -values of B to be greater than most of the mean values of A). An 
equivalent statement is that the mean performance time was generally higher for 
Group B electrical synchronizers than Group A. Any inferences placed upon these 
findings with respect to direct causal connections that would explain the differ- 
ences in performance times must consider the limitations under which this analysis 
of past data was made (see Chart 1.30-9.1). 

pATA SOURC£S ; 1. USAF Worldwide Unscheduled Maintenance Suimiaries 1971. 
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* See CliArt 1.3-2.1 
** Date Entered AF Invtntoiry 



2 3 4 5 6 7 
Indicator Scopca 



TITLE: Mean ^Performance Times for Repair and/or Replaclment of Minor Parts on 
FCS Indicator Scopes - Unscheduled Organizational 

COMMENTS ;, The data were extracted from the USAF summary records of unscheduled 
maintenance^ . The number of cases recorded in the summaries ranged from 26 to 324, 
and were identified by USAF Action Taken Code "6", repair and/or replacement of* 
minor parts, hardware, and soft goods such as seals, gaskets, electrical connec- 
tions, fittings, tubing, wiring, fasteners, and brackets. The entire sample was 
used in analyzing for trends or variations in performance across successive radar 
subsystems. 

IMPLICATIONS ; When the mean* values of both groups were combined and arranged , 
from low to high, the resulting pattern yielded a clustering of Group A means at 
the high end of the distribution and Group B at the low end. The only exception, 
as can be seen 1n the* graph, was A-7D which differed quite significantly from 
the other^means of Group B. Excluding this one sample, the remaining data showed - 
a consistent relationship (i.e., alf tfie Group B means were lower than all the 
Group A means). However, because of the one extreme variation, additional sampling, 
alternative groupings, or other methods of comparisoniVshould be pursued. Any 
Inferences derived from these findings with respect tir direct causal connections 
that would explain equality or Inequality of means must consider the limitations 
under which this analysis of past data was made (see Chart 1.30-9.1). 

DATA SOURCES: 1. USAF Worldwide Unscheduled Maintenance Summaries 1971. 
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** Data Entered AF Inventory 



1 2 .3 4 5 6 
« JUdar Antennas 



TITLE: Mean Performance Times for Repair and/or Replacement of Minor Parts on 
PCS Radar A|)tennas - Unscheduled Organizational 

COMMENTS: The data were extracted from the USAP summary records of unscheduled 
maintenancel . The number of cases recorded 1n the summaries ranged from 1 to 
898, and were identified by USAP Action Taken Code "6", repair and/or replacement 
of minpr parts, hardware, and soft goods such as seals, gaskets, electrical con- 
nections, fittings, tubing, wiring, fasteners, tnd brackets. The entire sample 
was used In analyzing for trends or variations In performance across successive 
radar subsystems with the exception of PB-lllA in which only one case was recorded 
for that aircraft; therefore, it was excluded. 

IMPLICATIONS; Information gained from this set of data revealed little difference 
between Groups A and B (i.e., one group .cannot be considered consistently higher 
or lower than the other group with respect to performance time). However, with 
tied values across groups, P-4D vs-. P-lllA, and PB-lllA data missing, the mean- 
ingfulness of the comparison is severely diluted. Additional sampling, while 
always desirable, becomes A^bsolutcly necessary In this instance. Any inferences 
derived from these findings with respect to dinect causal connections that would 
explain equality or inequality of means must considerthe limitations under which 
this analysis ,of past data was made (see Chart 1.30-9.1). 



DATA SOURCES; ^ 



1. USAP Worldwide Unscheduled Maintenance Suimaries 1971. 



MODELS FOR 
DATA APPLICATION: 
in.7-42.l(Q) 
IU.7-42.1(R) 



SUBJECT: 

Mean Performance Times by Task Type 
vs. PCS Antennas - 
Unscheduled Organizational 

ICO 



INDEX: 30-9 

CROSS-INDEX: 1.3-2.1 
1.30-9.1 




1.30-9.12 



o 6 

U CO 

a u , 
c» H 2 

53 



Gp. 






Axes 


Y 

A- 


Y 


A 


F-106A/B 


7-59 


1 


4.4 


A 


F-IOSD 


5-60 


2 


2.3 


A 


F-4C 


5-63 


3 


2.0 


A 


F-AD 


12-65 


4 


1.9 


A 




10-67- 


5 


3.2 


B 


F-lllA 


10-67 


6 


2.1 


B 


FB-lllA 


7-68 


7 




B; 


A-7D 


12-68 


8 


1.9 


b' 


F-15 




9 




it 


See'^Chrtrt 1.3-2.1"" 







3 4 5 6 7 
kadar Transmitters 



\ 



TITLE: Mean Performance Times for Repair and/or Replacement of Minor Parts on 
FCS Radar Transmitters - Unscheduled Organizational 

COMMENTS: The data ware extracted from the USAF summary records of unscheduled 
maintenance!. The number of cases recorded in the summaries ranged from 6 to 
1747, and were identified by USAF Action Taken Code "G", repair and/or replace- 
ment of minor parts, hardware, and soft goods such as seals, gaskets, electrical 
connections, fittings, tubing, wiring, fasteners, and brackets. The entire 
sample was used in analyzing for trends or variations in performance across suc- 
cessive radar subsystems. 

IMPLICATIONS : Information gained from this set of data revealed little difference 
in mean values between groups as well as within groups. The only exception was 
F-106A/B. Based on these findings, it appeared that the mean time for repair 
and/or replacement of minor parts was -about the same for 7 of the 9 radar trans- 
mitters. Any inferences placed upon these findings with respect to direct 
causal connections that would explain the apparent equality of means must consider 
the limitations under which this analysis of past data was matie (see Chart 
1.30-9.1) 

DATA SOURCES: USAF Worldwide Unscheduled Maintenance Summaries 1971. 
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TITLE ; 

' — y 



Mean Performance Times to Troubleshoot FCS Electrical Synch roniJiers - 
Unscheduled Organizational / - 

COMMENTS: The data were extracted from the USAF summary records of unscheduled 
mamtenancel . Jhe number of troubleshooting cases recorded in the summaries were 
low and ranged from 3 to 91 and were identified by USAF Action Taken Code ^'Y% 
on-equipment time to isolate the primary cause of a discrepancy. This code 
excluded repair time* ^Although the sample size was less than 50 for five of the 
eight subsystems, the data, nevertheless, were analyzed for trends or variations 
in performance across successive designs. 

IMPLICATIONS : The information gained from this set of data revealed large varia- 
tions within Group A. Primarily because of this pattern of variation, pairing off 
each Group B value with each Group A value to compare relative position of means 
failed to yield sufficient evidence that one group had consistently higher or 
lower mean performance times than the other group. Any inferences derived from 
these findings with respect to direct causal connections that would explain the 
inequality or equality of means within or between Groups A and B must consider 
the limitations under which this analysis of past data was made (see Chart 
1.30-9.1) 

DATA SOURCES : 1. USAF Worldwide Unscheduled Maintenance Summaries 1971. 
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** Data 'Etitered AF Itwentory 



1 2 3 4 5 6 7 8 .9 
Indicator Scopes 



TITLE : Mean Performance Times to Troubleshoot FCS Indicator Scopes - 
tinschedufed Organizational 

COMMENTS; The data were, extracted from .the USAF summary records of unscheduled 
maintenance". The number of cases recorded in the summaries ranged from 2 to 72, 
and were identified by USAF Action Taken Code "Y", on-equipment time to isolate 
the primary cause of a discrepancy. This code excluded repair tiiiK. The sample 
size was small with six of the eight subsystems having less than 50 cases. The 
data, nevertheless, were analyzed for trends or variati(Jfis in performance across 
successive designs. 

IMPLICATIONS: Information derived from this set of data showed a high probability 
of differences between the two groups (i.e., all of the mean values of Group B 
were less *-han all of the mean values of Group A). Based on these findings, the 
probability of obtaining this kind of outcome due to chance alone is sufficiently 
low to suspect a true difference between the two groups. It is expected that the 
mean time to troubleshoot indicator scopes will generally prove to be lower for 
iGroup B than A. Any inferences derived from these findings with respect to direct 
causal connections that would account for the inequality of means must consider 
the limitations under which this analysis of past data was made (see Chart 
I.30-9-.1). 
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** Data Entered AF Inventory 



4 5 6 7 
Radar Antennas 



TITLE: 



Mean Performance Times to Troubleshoot FCS Radar Antennas - 

Unscheduled Organizational 

COHflEHTS ; The data were extracted from the USAF summary records of unscheduled 
maintenance^ . Since the number of troubleshooting cases recorded in the summaries 
were small, the entire sample was analyzed for t,rends or variations in performance 
across successive radar subsystems. There were no cases recorded for FB-lllA; 
therefore, it could not be included in the analysis. The number of cases ranged 
from 0 to 60, and were identified by USAF Action TAken Code "Y", drv-equipment time 
to isolate the primary cause of a discrepancy. This code excluded repair time. 

IMPLICATIONS; The information gained from this set of data revealed large varia- 
tions within Group A. Primarily because of this pattern of variation, pairing off 
each Group B value with each Group,4j(.alue to compare relative position of means 
failed to yield sufficient evidence that one group had consistently higher or lower 
mean performance times than the other^.group. Any inferences derived from these 
findings with respect to direct causal connections that would explain the inequal- 
ity or equality of means within o?*'betW£an Groups A and B must consider the J imi- 
tations umier which this analysis-of past data was made (see Chart 1.30-9.1). 
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** Date Entered AF Inventory 
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Radar Transmitters 



ErJc 



TITLE: 



Mean Performance Times to Troubleshoot PCS Radar Transmitters - 
Unscheduled Organizational ^ 

COMMENTS: The data were extracted from the USAF summary ''ecords of unscheduled 
maintenan ce! . The number of cases recorded in the summaries ranged from 1 .to 113, 
and were identified by USAF Action Taken Code "Y" , on-equipment time to isolate 
?Se>pHmary cause of a discrepancy. This code ^xcluded^repair time Jith the 
excebtion of F-105D, where only one, case was recorded, the entire sample was usea 
ii; analyzing for trends or variations in performance across successive radar 
subsystems. 

IMPLICATIONS: Information gained from this set of data showed a high degree of 
- V^i arity o -f means between Groups A and B as well as within^each group. There 
are no consistent patterns of hi-gh or lovt values distinguishing one group from 
?he other An equivalent statement i:^ that the mean time for each g/oup will 
qene?am'pro5e to be about the same. Any inferences placed upon these fadings 
Suh r^speS to 5?rect causal connections that would explain the ^PParent equal 
of means must consider the limitations under which this analysis of past data was 
made (see Chart 1.30-9.1). 

DATA SOURCES: 1. USAF Worldwide Unscheduled Maintenance Sunmaries 1971.^ 
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TITLE : Mean Perfomance Tinies to Bench-theck-FCS Radar Transmitters - 
Unscheduled Intermediate 

CQMMENTS: The data were extracted troni the USAP summary records of unscheduled 
mainteriarrce . The number of cases recorded in the summaries ranged from 40 to 
1Q47, and were identified by USAF Action TakenCode "C", bench' check accomplished 
ana repair action deferred. The entire sample was used in analyzinc for trends 
or variations in performance across successive radar subsystems ' 



IMPLICATIONS : Information gained fronf this s 
between the Groups J\ and B. Alf of "the mean 
than al\ of the mean vaTues of Group A. Base 
sighificant evidence to .suspect that a true-d 
two groups and that the mean time to bench-ch 
higher for B than A. Any inferences derived 
to direct causal connections that would expla 
consider the limitations under which *this ana 
(see Chart 1.30-9.1). 



et of data showed dissimilarity 
values of Group B were greater 
d on these findings, there- is - 
ifference ex^isted between the- 
eck transmitters was generally 
from these findings with, respect 
jn the difference in means must 
lysis of past data was made 



DATA SOURCES: 1. USAF, Worldwide Unscheduled .Maintenance Summaries' 1971 
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TITLE; Mean Performance Times to Repair PCS Radar Transmitters - 
Unscheduled Intermediate 

COMMENTS: The data were extracted from the USAF summary records of unscheduled 
maintenance > The number of cases recorded in the summaries ranged from 28 to 
927. and were identified by USAF Action Taken Code "F", units of total repair 
performed in a shop environment which include cleaning, disassembly, inspection, 
I adjustment, reassembly, and lubrication of minor components. The entire sample 
I was used in analyzing for trends or variations in performance across successive 
radar subsystems. 

IMPLICATIONS: The information gained from this set of data revealed large varia- 
tions vlfithin Group A as well as Group B. In addition, the magnitude of the 
variations is comparable between the groups. In other words, high and low mean 
values are randomly mixed, but these data do not provide evidence that one group 
is consistently higher or lower than the other group. Additional sampling, alter- 
I native groupings, or other methods of comparisons should be pursued. Any infer- 
ences derived from those findings with respect to direct causal connections that 
would explain the apparent equality and inequality of means must consider the 
limitations under which this analysis of past data was made (see Chart I.3U-9.U. 

DATA SOURCES: 1. USAF Worldwide Unscheduled Maintenance Summaries 1971. 
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TITLE: 



Percentage Distribution of AFQT Mental Ability Categories for 1970 through 
1973 Air Force Enlisted Personnel / 



COMMENTS : 



The data are based on male> non-prior service basic trainees who enlist- 
Air Force in 1970, 1971, 1972, and 1973. The Armed Forces Qualification 
yields centile scores which are translated into mental ability levels 
Category I (93^99), Category II (65-92), Category III (31-64), and 



ed in the 
Test (AFQT) _ 
designated as 
Category iV (10-30). 



IMPLICATIONS : The characteristics of enlistees prior to the termination of the 
draft, which occurred in January 1973, are compared with enlistees under the 
all-volunteer force. It had been feared that the termination of the draft would 
result in a significant reduction of high aptitude personnel. This anticipated 
reduction did not occur. As shown in the above chart. Category I personnel de- 
creased by only 1 percent between 1972 and 1973 and there W9S a significant reduc- 
tion of Category IV personnel between 1970 and 1973 (15 percent). 



DATA SOURCES: 1 



Vitola, B.M., Mullins, C.J., and Brokaw, L.D. Quality of 
the All-volunteer Air Force - 1973. AFHRL-TR-74-35, Air 
Force Human Resources Laboratory, Lackland Air Force Base, 
Texas, April 1974. 
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TITLE; Average AFQT Scores and AQE Aptitude Indexes for 1970 through 1973 Air 
Force Enl istees 

Electronics. The Administrative composite is not shown. ^ 

TMPiTrflTTONV The character"! sties of enlistees prior to the termination of the 
S^-oc'cur^edln^oInuary 1973,. are ^scoresf d^e*W 

wni imtppr fnrce An anticipated drop in mental ability (AFQT scores; aue 

Term nS^on-of'thrd^aft did not occur. Also, the Air Force has-been unable 
to recuperate the drop in aptitude that occurred in 1971 , but there was no 
addUional drop due to the all-volunteer enlistees. Charts II-J-^-^ and^^^ 
show that there was a compression of scores aj. the very top of the aptitude 
scale starting in 1971, not after the termination of the draft. 



DATA SOURCES: 1 



Vitola, B.M., Mullins, C.J., ^"dSrokaw, yS'^Aif 
the All-volunteer Air Force - 1973. AFHRL-TR-/4-j;>, Mir 
Force Human Resources Laboratory, Lackland Air Force Base, 
Texas, April 1974. 
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AQE 
Aptitude 
Index 



Percentage in Score Range on 
AQE Aptitude Composites 



1970 



1971 



1972 



1973 



80 and above 
60 and above 
AO and above 



80 and above 
60 and above 
40 and above 



General Composite 

30 i 26 23 

61 58 

' 90 i 91 92 



filecjtronics Composite 

33 ! 30 • 
58 ! 55 
86 84 



30 
54 
85 



19 

51 
91 



27 
55 
90 



TlTLE; 



fr"jQ5i'L''^'''^f Jnff ^^"^''^^ Electronics Aptitude Indexes 

for 1970 through 1973 Air Force Enlistees 

CO MMENTS: The data are based on male, non-prior servicebasic trainees who enlisted 
on JJ' Jnr ^^^2, and 1973. ^ The chart shows the score ranges 

(see chart 11.1-8:2) for General and Electronics 
Many of the cntical Air Force specialties are selected from these two aptitude 

I MPLI CATIONS: The .AQE aptitude ranges of enlistees prior to the termination of the 
draft, which occurred in January 1973,. are compared with enlistees under the all- 
volunteer fprce. The Air Force hds been unable to recuperate from a drop in 
hig/1 aptitudes which occurred in 1971. -This drop was not due to the all-volunteer 



OATA^ SOURCES: 1. 



Vitola, B.M., Mullins, C.J., and Brokaw, L.D. Quality of 
the All-volunteer Air Force - 1973. AFHRL-TR-74-35, Air 
Force Human Resources Laboratory, Lackland Air Force Base. 
Texas, April 1974. 
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tlLE : Percentage of 1970 through 1973 Enlistees with Very High AQE-fieneral and 
AQE-Electronics Scores 

COMMENTS: The data are based on male, non-prior service basic trainees who enlisted 
in the Air Force in 1970, 1971, 1972, and 1973. This chart shows the composites 
for General and Electronics. Many of the critical Air Force specialties are 
selected from these two aptitude areas. ^ 

jIMPLiCATIONS: The very high aptitude scores of enlistees prior to the termination 
^^of the draft, which occurred in January 1973, are compared with enlistees under 
the all-volunteer force. -The percentages of enlistees in the 80 and above group 
declined, with the loss beirtg primarily in the upper ranges of this group. While 
the Air Force has been unable to recruit top aptitude personnel as readily as it 
did in 1970, it is clear that the drop in aptitude level was not due to the intro- 
duction of an all -volunteer force. 



DATA SOURCES: 1. 



Vitola, B.M., Mull ins, C.J., and Brbkaw, L.D. Quality of 
the All -volunteer Air Force - 1973. AFHRL-TR-74-35. Air 
Force Human Resources Laboratory, Uckland Air Force Base, 
Texas, April 1974. 



MODELS FOR 
DATA APPLICATION- 



ERIC 



SUBJECT: 

High Scores on AQE vs. Year of 
Enlistment 



171 



INDEX: 

CROSSINDEX: 1 1. 1-8. 2 



II. 1-8. 4 




TITLE: Effects of Micrd^lectronics (MELEC) on Hardware Reliability, Maintenance 
Requirenients and Numbersfpf Maintenance Personnel Required. 

COMMENTS : Studies^ conducted in 1970 predicted the impact of future avion- 
ics system on reliability, maintenance, and personnel reqtjirements. Graphs 1 and 
2 describe the predicted trends. Graph 1 shows that the use of microelectronics 
will increase with time. Graph 2 shows that equipment reliability can be explained 
as a function of microelectronics, i.e., as MELEC increases, equipment reliability 
increases. Graph 3 shows that maintenance requirements can be explained as a 
function of reliability, i.e., as reliability increases, maintenance decreases. 
'Graph 4 shows that personnel requirements can be explained as a function of main- 
tenance requirements, i.e., as iiiaintenance requirements decrease, persorlnl|[ 
requirements will also decrease. 

IMPLICATIONS : Decreasing personnel requirements may eventually reduce training 
requirements, however, no significant reduction in training is expected within the 
next decade because of continued use of conventional systems. Reduction of per- 
sonnel requirements may also depend on the maintenance philosophy chosen (black- 
box throw away vs. repair). 



DATA SOURCES: 1. Air Training Command, Ad Hoc Committee, The impact of 

Microelectronics and Integrated Systems on Technical Training, 
April 1970. 
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^ITLE: Avionics Career Field 32 *- Manpower Inventory of Skill Levels 7 and 9'vs. 
Career Requiretnents 

COMMENTS- Between 1965 and 197r, the numbers of Skill Levels 7 and 9 increased 
irirrcareer uSdi-'isions, with the exception of 324XX. The average rate of 
increase within this period ranged from 3.3 ;3 to 4.3^.; the exception 324XX, howed 
a net drop of 7.6S. If it is assumed the same trend prevailed between 30 June 1968 
and 30 June 1970, it Appeared that the 1970 requirements for these ski 1 levels 
were met. These data also provided information on tje f],;:^* bui d-up in the new 
career subdivision 326XX, which was approximately after 30 June 1968 and before 
30 June 1970, on the assumption tl-.at the, 1970 requirements were met."-*- 

IMPLICATIONS : Analysis of past inventories indicated adequacy jj f^^e human 
resources poo l to meet actual requirements. It also indicated that the greater 
perSge'of the available pooV were higher skill levels for most of t e sub ivr 
^sions with the trend indicating an average yearly growth of 3.3 to 4.3o. As can 
blsee^ ?rom Chart ?I 2-8.2, Skill Level 7 contributed substantially more to the 
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Avionics Career Field - Manpower 
Inventory of Skill- Levels 7 and 9 
for Six Career Subdivisions 
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II. 5-3. 2 



ii.a-s.i 



Sheet 1 of 2 



percentage thdn Skill Level. 9. The creation of a new subdivision due to 
advanced systems being added to the Air Force inventory about that time (see 
TT c o o\ 1^' /'^esumably, based upon predictions (see Charts II. 2-3.1 and 
ll.5-3.2)j, the advanced systems would require lower ni/mbers and lower skills to 
maintain, the numfier and skill distributions depending upon the level of mainte- 
nance. 



DATA SOURCES: 1 



United States Department of the Air Force. The USAF Personnel 
Plan, Volume III, Airman Structure Annexes, July 2, 1970. 
2. Air Force Human Resources Laboratory, Personnel Research 

P-^"'^^'?^!;^^^'^^^"''^^^''' ^^^^^ ^35^' ■''^^sis. (Letter Communica- 
tion, 1973) 
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TITLE: Percent Distribution of Skill Levels of Avionics Career Field Subdivision^ 

321 XX through 326XX / 

(I 

COMMENTS: Human resources were inventoried for 1965^, 1968, and 1971. „Ski 11 Levels 
5 and 1 combined accounted for more than ,8055 of the human resources. Both Skill 
Levels 3 and 5 showed a downward trend over time, while Skill Levels 7 and 9 showed 
an upward trend over time.^ * ,.. 

IMPLIC ATIONS ; It appears that the problem of arresting the att^Jtio" l^it\^ ^ 
-evels i and 5 will become more acute as advanced systems (see Chart are 
added ty^he equipment inventory. | 

DATA SOURCES: 1. Air Force Human Resources/Laboratory, Personnel Research /• 

'~ ': Division, Lackland Air Farce Base, Texas. (Letter 

Communication, 1973) 




MODELS FOR 
DATA APPLICATION: 



ERIC 



SUBJECT: 

Percent Distribution of Skill 
Levels for Avionics Career Field 
Subdivisions 321 XX through 326XX 



4 O 



INDEX: 2-8 

CROSS-INDEX: 1.3-2.1 
11. 5-3. 2 



II. 2-8. 2 



173 



i 



> 



CO 



o 



60 
40 
20 
0 



5mil Level 3 ^kilM^ 



0 Q 



Skill Level 7 



<0 



in 



Skill Level 9 



Oi 



u3 cn cvj tn 
U3 <jui r«»- 



c) c4 m CO «j3 a» CM in co 
Time PeHnd . 



TITLE: 



Percent Distribution of Skill-Levels for Avionics Career Subdivision 326XX 
Avionics AGE and Integrated Avionics Systems 



COMMENTS: 



The creation of this career subdivision occurred approximately the same 

time as the introduction of systems into the United States Air Force that were 
distinguished by major application of advanced design concepts such as Group B 
systems on which this specialty is assigned to work (see Chart 1.3-2.1), Require- 
ments projected to 1978 • show that future needs wilV be approximately the same as 
that for 1972. . 

IMPLICATIONS: The distribution of skills to maintain Group B systems approx- 
imates the distribution of skills to maintain Group A systems (see Chart 
II. 2-8. 4). However, the co)iiposit6 number may not be comparable nor the dis- 
tribution of skills based on maintenance levels - organizational, intermediate, 
and depot. Since the manpotver pool of higher skills is predicated on a buildup 
of lower skills, attrited rates reported for Skill Levels 3 and 5 in 1968 and 
1971 (see Chart 11.2-8.2) may signify possible problems in meeting the projected 
requirements. Reevaluation and restructuring of technical training as well as 
job functions represent two positive courses of actiort that might eventuate as 
satisfactory solutions. 



DATA SOUPXES: 1. 



United States Department of thp Air Force, 
flanpower Data Systems Branch, AFPRM, Pentagon 
Washington, D.C., Document No. PCN-RRA-00035, 
April 3, 1973. ' • 
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TITLE: Percent Distribution of Skill Levels for Avionics Career Subdivision 322XX- 
Fire Control and Weapon Control Systems 

COMfCHTS: Requirements projected to 1981^ for Group A systems (see Chart 1.3-2.1 ) 
ihHvTthat future needs will be approximately the same as those for 1966, 1969, and 
1972. 

IMPLICATIONS: Since the manpov/er pool of Skill Level 5 is predicated primarily 
Hnriuccislful buildup of the Skill Lev^l 3 pool, attrited rates reported for 
1968 and 1971 (see Chart 11.2-8.2) signify possible problems in meeting the 
projected requirenients. Revaluation and restructuring of technical tr|imng 
as well as job responsibilities represent two positive courses of action that 
might avert an imminent problem. 



DATA SOURCES: 1 . 



United States Department of the Air Force, Manpower Data 
Systems Branch, AFPRM, Pentagon, Washington, D.C., 
Document No. PCN-RRA-OOOSB, April 3, 1973. 
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Total z\etive Federal Military service (TAFllia) 



IIM- Avionics Career Field 32 - Manpower Inventory as of 30 June 1970 



COMMENTS:- This career field provides the HiaiiDfiwer to suppon United States A1r 
Force avionics systems. Different types of avionics systems have different man- 
power requirements. Charts II. 2-8.2, 11.2-8.3 and II. 2-8.4 discussed pa«;t inven- 
tories and projected requirements for six different career subdivisions, most of 
them concer'ned with fire control and weapon control systems. However, since the 
career field provides a policy of lateral transfer, an overall exami>iation of man- 
power strength may yield infomation whether it would be possible to redistribute 
human resources if deficits beeome*an acute reality; 1970 data were used for this 
purpose. The total inventory is displayed in TAFMS Groups 1 to 30. TAFMS stands 
for Total Active Federal Military service, or number of years of military service. 
The lines eKtending downward from the X axis indicate the average years of total 
service at promotion to the grades E-4, E-5, etc. These grade identifications are 

are gener(:iny Skill 



i.e., airfnen with 5 to 12 years of experience. The reauirements for first-temefs 
were not stated-, however, it can ^be observed that the numbers required for the 
beginning point of strength buildup would be predicated on the successful process- 
ingof lower skilled airmen into the higher skill ranks. 
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These findings substantiated tho se rep orted^xiir 

is"l)reaiT^^^ 

skills for advanc^^^jies4^^ perpetuate the, problem of shortages t)f 

skilled airmen. .Reevaluation and restructuring of technical training as well as 
job functions represent two positive courses of action that might ameliorate this 
problem in the 70s and 80s.,. 
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DATA ^SOURCES: 1 



United States Department of the Air Force, The USAF Personnel 
Tl an'. Vol Um'e I I t , Ai rnian Structure-Annexes-, T^uTy":^7-T^7G-. — 
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TITLE: 



Increases over Time of Numbers of AFSCs* High^Skill Specialties and Number 
of Maintenance Personnel Required 

COMMENTS: A study conducted in 1967* showed that. the total number of job special- 



ties had risen from 285 in 1945 to 818 in T967 (Graph 1). ,In 1945, one out of 
three high skill specialties was electronics, mechanical , or technical; in 1967, 
the proportion was one out of two (Graph 2). In 1945, it took eight men to keep 
a P-47 flying during World War II; in 1967* the F-lll required three times as many 

(Graph 3). 

• ■ 

IMPLltATIONS: The increased human restjtir-ces requirements with concomitant effects 
on*trainirig and maintenance costs were due largely to greater complexity of Air 
Force hardware. As equipment complexity continues to grow, similar effects are 
expected * . . 



DATA SOURCES: 



U Ferraro, Eugene T., A Look Ahead in USAF Personnel Research. 
Proceedings Twenty-Fifth Anniversary Symposium, Personnel 
Research and Systems Advancement, December 1967. 
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TITLE: Effects of Microelectronics (MELEC) on Required Shop Personnel Skill Levels 

COMMENTS; Studies^ conducted in 1970 described the impact trends of MELEC - 
on testing concepts, shop task complexity, and shop ski lis. Graphs 1 through 8 
explain the nature of the relationships. Graph 1: As MELEC increases, the use^ 
of built-in test equipment (BITE) ,will increase. Graph 2: As MELEC increases, 
the use of automatic test equipment (ATE) will increase. The rate of increase will 
be slower for ATE than BITE. Graphs 3 and 4: BITE and ATE development as a func- 
tion of time show mora rapid progress for BITE. Graph 5: As use of BITE' increases 
shop task complexity will increase. Fault localization is expected to be more . 
difficult on MELEC than on conventional equipment. Graph 6: As .use of ATE 
increases, sho'p task complexity will decrease. Automated testing was expected to 
simplify the operator's functional role. Graphs 7 and 8: Because of the lag ^ 
time between BITE and ATE, shop ta^k complexity and shop manning of certain skil s 
will tend to increase until it is offset by a corresponding increase in ATE develop 
mfent. • A partial assessment of these findings and predictions can be mflde by , • , 
referring to the field data on conventional vs. advanced systems, contained 
in Section I. . ' . • 

IMPLICATIONS : Decreasing task comolexity and, skill levels required may reduce 
training requirements and the number of people required (ATE reduces task time). 
Equally powerful ripple effects can be expected wi-thiithe advent of other new 
technologies. 



DATA SOURCES: 1. 



Air Training Conmand, Ad Hoc Committee, The Impact of Micro- 
electronics and Integrated Systems on Technical Training, 
April 1970. 
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TITLE; 



Effects of Microelectronics (MELEC) on Built-in Test Equipment (BITE) and 
Flightline (FL) Maintenance Time, Complexity and Skill Level y 

COMMENTS; Studies^ conducted in 1970 described- the effects of MELEC on 
testing concepts, flight-line performance time, flight-line task complexity, and 
flight-line skills. Graphs 1 through 4 explain the nature of the relationships. 
^C^P^J-. '^^ iJse of MELEC increases, BITE will increase. Graah 2: As the use 
of BITE increases, performance time will decrease. Graph 3: As the use of* BITE 
increases, task complexity will decrease. Graph 4: As the use gf BITE increases, 
flight-line skills will be less demanding. The relationships $hown in Graphs 2 and 
3 were predicated on BITE's capacity for rapid and operationally simple fault 
localization to a line replaceable unit. The relationship shown in Graph 4 was 
predicated on the reduction of different types of test equipment as well as reduc- 
tion in. repair tasks. A parti aKcorroboration of these findings and predictions 
can be established byVeferring to the operational data on conventional vs 
advanced systems contained in Section'!. 

IMPLICATIONS : Training required for these FL maintenance personnel will be very 
limited. This concefit will no doubt create serious problems in career proqression 
and preclude use of these personnel in the intermediate maintenance area without 
additional training.- Equally powerful ripple effects, with the advent of other 
new technologies ,^can be expected. 



DATA SOURCES : 1. Air Training Command, Ad Hoc Committee, The Impact of Micro- 
electronics and Integrated Systems on Technical Traininq, 
April 1970. ° - . 
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TITLE: 



Relationship between Number of Steps in Functional Checkout and Mean 
Number of Errors. 

COMMENTS: Data represent 30 components in the following 10 avionics systems: 
ASN-91; ASG-19; APQ-109; APQ-120; F-111 CADC: F-lll AFCS; F-lOl; ASN-48; ARC-51 ; 
ARC-34.'' 

IMPLICATIONS: in a training environment, the number of steps in checkout is a 



predictor of the number of errors in performance. ^ • 

DATA'SOURCES: 1. Lintz, L., Loy, S. , Hopper, R.,, and Potempa'.'^. , ^lelationships 

between Design Characteristics of Avionics Subsystems ana 
Training Cost, Training Difficulty, and Job Performance, AFHRL 
TR-72-70, Air Force Human Resources Laboratory, Wright-Patterson 
Air Force Base, Ohio, January 1973. 
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TITLE: Relationship between Number of Steps In Functional Checkout and Performance 
Time • ' 

COMMENTS : Data represent 30 components in the following 10 avionics systems: 
ASN-91; ASG-19; APQ-109; APQ-120; F-111 CADC; F-111 AFSC, F-101; ASN-48; ARC-51 ; 



ARC-34 



IMPLICATIONS : In a training environment, the number of steps is shown to be the 
single best predictor of performance time for functional checkout tasks. 

D ATA SOURCES : 1. Lintz, L., Loy, S., Hopper, R. , and Potempa, K. , Relationships 

between Design Characteristics of Avionics Subsystems and 
Training Cost, Training Difficulty, and Job Performance, AFHRL- 
TR-72-70, Air Force Human Resources Laboratory, Wright-Patterson 
Air Force Base, Ohio, January 1973, 
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TITLE: 



Performance Time and Errors as a Function of. Number of Steps- in Checkout 
Procedures. 

COMMENTS: Data represent 30 .components in the following avionics systems : ASN-91 , 
ASG-19;APQ-109; APQ-120; F-111 CADC; F-lll AFCS; ASN-48; F-JOl ; ARC-51 ; ARC-34.1 

IMPLICATIONS : As' the number of steps increase, so do the number of errors. Also, 
as the number' of steps increase, performance time increases. Errors and perfor- 
mance time in checkout procedures may be reduce<l by decreasing the number of re- 
quired steps. • . 



DATA SOURCES; 1 



Lintz, L., Loy, S., Hopper, R. , and Potempa, K., Relationships, 
between Design Characteristics of Avionics Subsystenfe and 
Training Cost, Training Difficulty, and Job Performance .AFHRL- 
TR-72-70, Air Force Human Resources Laboratory, Wright-Patterson 
Air Force Base, Ohio, January 1973. 
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TITLE: 



Time Difference on a Performance Check Task between Two Maintenance 
Techniques - Automatic Test Equipment (ATE) Used or Standard Test 
Equipment Used. 

COMMENTS : This performance check was performed on a military FK transceiver. 
Prior to automation it took a skilled technician with standard test equipment 
about 30 minutes to check the performance of a, military transceiver. With ATE 
It takes about one minute to do the same test* 

>* 

IMPLICATIONS : As more and more ATE enter the inventory, shop maintenance time 
reductions, similarlto that shown above, should result. Since the time required 
for maintenance is mduced, the number of maintenance personnel required may be 
reduced or shifted to other maintenance activities. 



DATA SOURCES: 



1-. Air Training Conmand, Ad Hoc Committee, The Impact of Micro- 
electronics and Integrated Systems on Technical Training, 
April 1970. 
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TITLE ; Unit Replacement Tito as Influenced by the Number of Components th|t Need 
. to be Manipulated 

COMMENTS: The number of components to be manipulated refers to the number of 



iepanate* major parts that must be: handled in o^-der to.|f'ffct rBpair: 

IMPLICATIONS: Thtse 'dat'a can • be used as a h&sty estimate.of 'the_^effect| on main^ 
tenatTce -time of the nyraber of components that must be manipulated,. If thefe a 
requirement to reduce maintenance t|me, a reduction in the humber of manipulated 
components "wil^ tie'lp effect the nsduction. . . . 

DATA SOURClS: 1. Ti]lman* S.» Benson,, N., Clausen, H. ,^ Development of Criteria 
" ' ■ . and Quantitative Predictors of Maintainability of' Air Force 

Equipment, ASD-TR-61 -502, Aeronautical Systems Division,: Wright 
Patterson Air Force Base, Ohio,. September 1961. 
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TITLE: Cost Increases over Time of Electronic and Aircraft Maintenance 

Fundamentals Training • - 


t 

t 




COMMENTS: In 1962, the cost for training in aircraft maintenance fundamentals 
was $800. In 1967, the same course cost $2,520. For the same years, the cost of > 
treiining in electronic maintenance fundamentals rose from $1 ,040 to $3,420. ' The . 
ratio of increase in both instances was U3.2J 






IMPLICATIONS: Part of the cost increase stemmed from the general Hse <n.rn<:t. nf 
living, but a large part was due to the increasing complexity of the hardware used 
in the Air Force. As time goes on, equipment complexity will' continue to increase"^ 
resulting in a corresponding increase in training cost. « » » . 




* 


DATA SOURCES: 1. Ferraro* Euaene T.. A Look Ahead in USAf' Persnnnal Rp«:parrh, 

Proceedings'^ Twentyrf Ifth Annivers,ary Symposium Personnel 
Research and Systems Advancement, December 1967. 
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ItiTLE: Performance Time and Percent of Error Probability as a Function 
of Task Difficulty - Organizational Maintenance 

IICOMMENTS: The functions represent organizati-dnal level maintenance data collected 
rHw¥7~functionaV loops from 10 avionics subsystems.' • 



IMPLICATIOriS; 



As task difficulty increases, the number of errors increase, but 
^v^o'gn fnr low skills Also, tine to perform increases with difficulty, cut 
Zl so fol ]Z sk s Tha nserted figure shows that for task.s of up to medium 
SicSltv (5o\ time to perforin for both high and low skills remains relatively 
cJJstaSt!^ There i J a large difference in time to perform, between high and low 
ski H-,^ as tasks become more difficult. 



DATA SIURCES:, 1. 



ERIC 



lintz, L., loy, S., Brock, 6., and Potempa, K. , Predicting Main- 
tenance iJsk Difficulty and PersonneUSkiJl Requ remen s Based 

on .Design Parameters, of Ay^onic Subsystems , AFHRL-T^^^^^^ 
Air Force Human .Resourcesn^oratory, Wright-Pattetson Air i-orce 

Base, Ohfo, August 1973. 
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TITLE: 



fark°mf5?Mi'"® and Percent Error Probability as a Function 
lask Difficulty Intermediate Maintenance 



of 



COMMENTS : 

replaceable units (LRUs 



The functions/represent intermediate level maintenance on 28 line 
from ten avionics systems J 



JIPUCATIONS: As task difficulty increases, the number of Errors increase but " 
more so for low skills. Also, tim6 to perform increases with difficulty, but more 
H?4-'. f ?rjr':. ■'"'"'^"^ s>^°ws that^for tasks of up to medium 

difficjilty (50), time to perform for both high andH^ skills remains relatively 

sk nf Itlt I' P^°^'^' between high nd owf 

SK3n,«, as tasks become mo rg^ffi cult. 

Lintz, L., Loy, S., Brock, fi., and Potempa, K., Predicting Main- 
tenance Task Difficulty and Personnel Skill Requirements Based 
on Design Parameters of Avionic Subsystems, AFHRL-TR- 72-75, 
Air Force Human Resources Laboratory, Wr>ght-Patterson Air 
Force Base, Ohio, Auqust 1973. 
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TITLE: 



Performance Time Differences for High and Low Skills as a Function of 
Task Difficulty 



COMMENTS: The functions represent intermediate_^level •paijtenaf f (on 28 line 
bpTl^le units froni ten avionics systems and organu 



skills refer to second term airmen. 

w , 

I IMPLICATIONS: Performance time differences between high andjowf kills remain 
h evel fo r t asks of up to medium difficulty. Beyond this level, performance tinie 
climbs radically for low skills. This large difference suggests that task assign- 
ments for both organi?atiohal and intermediate level maintenance should be depen- 
St on work expedience. Airmen with low experience levels shou diiot be assigned 
to tasks of aboSe medium difficulty. For efficient manpower utiization. airmen 
with greater experience (e.g., second term airmen) should be assigned tasks of 
greater difficulty. 



DATA SOURCES: 1. 



Lintz. L., Loy, S., Brock, G., and Potempa, K., Predicting Main- 
tenanJe Task Difficulty and Personnel Skill RegiJ^ements Based 
on Design Parameters of Avionic Subsystems-a AFHRL-TR-72-75, 
Air Force Human Resources Laboratory, Wright-Patterson A1r Force 
Base, Ohio, August 1973. 
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iIItLE: Technician Understanding of Problems as a Function of AFSC Level 
COMMENTS: Technician understanding of malfunctions and procedures for solving 



the problem is related to AFSC leve.!.. Surprisingly this' relationship is 
significant only for "the flight line.' 

WPLICATIONS; Equipment characteristics appear to play a larger role in the shop 



(arrangement of internal components is significant in both shop locatipns). The' 
reason for this may be simply that the amount of contact the technician has' with 
equipment characteristics at the flightOine is s« restricted that other factors 
e.g., experience level) overshadow these. Also,^tJje more frequent use of the TO 
in the shop may compensate to some extent for inexperience.- 



DATA SOURCES: 1. 



f 



Meister, D., Finliy, D. and Thompson, E., Relationship between 
System Design, Technician TrainiHg and Maintenance Job Perfor- 
mance on Two Au'tefTtlot Subsystems. AFHRL*TR-70-20, A1r Force 
Human Resources Laboratory, Wright-Patterson Air Force Base, 
Ohio, September 1971. 
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ItiTLE: Organizatiorwl Maintenance - Functional Checkout of Ten Avionics Subsystems 



COMMENTS 
Ion 
as 



The functions represent organizational leve-l maintenance data-collected 
27^nctional loops from ten avionics subsystems. A functional loop is defined 
a network of circuits and equipment units within an avionics subsystem through 
which signals are processed to perform a specific function. 

IMPLICATIONS' A large difference in time to perform exists between high skill and 
low At a m edian time of 89 minutes. 66% of the high skills would have^, completed 
the task by that time as compared to 402 for low skills. At a median time of 150 
minutes fo> low skill technicians, im would have completed the task as compared 
Ito 95S for high skills. The difference between, the medians of the two groups is 
61 minutes. 



I DATA SOURCES: 1 



Lintz, £, Loy, S. , Brock, G. . and Potempa. K., Predicting Main- 
tenance 'Task Dif.ficulty and Personnel Skill Requirements Based 
on Design Parameters of Avionic Subsystems. AFHRUTR-7Z-75, 
Air Force Human Resources Laboratory. Wright-Patterson Air»Force 

Base, Ohio, August 1973. ' 
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TITLE T 



Intermediate Level Maintenance - Functional Checkout on Ten Avionics 
Subsystems 



COMMENTS: 



14 The^ functions represent intermediate level maintenance data collected 
on 28 line replaceable units (LRUs) from ten avionics subsystem?, ^^"ectea 

mjCATI^: A large difference in time to perform exists between high skill and 

Se'tasJ bv ?2 rtS%f ""'"ff 'n?^%°^ ^^'9^ '^'^^^ would havl completed 
the mdi^ri fho compared to m for low skill.s.' The difference between 

tne medians of the two groups is 60 minutes. 



DATA SOURCES: 1 



Lintz, L., Ley, S. , Brock, G.i, and Potempa, K. , Predict! na Main 
tenance Task Difficulty and Personnel Skill- Requirements Based 
on Design Parameters of Avionic Sutjsystems. AFHRL-TR-72-75, 
Air Force Human Resources Laboratory, Wright-Patterson Air Force 
Base, Ohio, August 1973. . ' * 
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TITLE ; Relationship Between Errors ^n Functional Checkout and the Number of Years 
of Experience, on the .Subsystefjis 

COMMENTS; The function represents organizational-level jnaintenance data collected 
on 27 functional. loops from 10 avionic subsystems, and from intermediate level 
maintenance, data collected on 28 lines replaceable units (LRUs) from 10 avionics 
subsysteiiis. A functional loop is defined as a network of circuits ^and equipment 
units within an Svionts^^subsy^t^m through ^which signals are prbcessed to perform 
a specific function. 

IMPLICATIONS : The relationsh1p\shown here represents a typical learning curve. 
The relative -complexity *of the Bvionics systems requires about two years of exper- 
ience on the subsystems before jrrors asymptote at a low level. 

DATA SOURCES ; 1. Lintz, L. , Loy, Brock, G. , and Potempa, K. Predicting Main- 
' 7 tenance Task DifficuHy* and Personnel Skill Requirements Based 

.on Design Parameters of Avionics Subsystems. AFHRL-TR-72-75, 
' Air Force Human>Resources Laboratory, Wright-Patterson Air Force 
Base, Ohio, August 1973. 
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TITLE; Job Performance as a Function of Experience Level 



COMMENTS: Experience seems to 4)1 ay little role in influencing maintenance per f or- 
"S!-"- who .are already fai>ly well eXperilnced/ The experience/^ 



factor becomes an importailt predictor of performance when .different experience 
" ' Chart III. 6-40.8, for exampte, s-hows that errors 1 ry func- 



groups are compared. , 

tional checkout decrease /radically with experience 



certain 4itnount of on*the- 



IMPLI CATIONS ; As the novice technician is exposed to a 

job training, the experience factor tends to become less t)f a discrimirrant factor. 
The contribution of experience to performance is represented* by the hypothetical 
graph. * 

DATA SOURCES ; 1. Meister, b.» f^lnley, D.. and Thompson, E., Relationship between 

System Design, Technician Training and Maintenance Job 
Performance on two Autopilot Subsystems . AFHRL-TR-70-20, Air 
Force Human Resources Laboratory, Wright-Patterfon Air Force 
Base, Ohio, September 1971. / 
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I The following list of models were selected or adapted from references because :of 
their potential practical application in deriving weapon system life cycle cost 
'estimates which consi'der the functions of design, operations, training, logistics, 
and human resources. An examination of these models will show that in many cases, 
Ithe level at which a model parameter is defined is too gross to permit direct 
application of data currently contained in. Sections I, II and III. Successive 
iterative refinements of the Handbook will yield a series of match^ing models and 
input values considered to be the inost valid estimators of weapon system life 
I cycle cost. • . • ^ 



C 



Models 

A + s « ■ ' : ' . 

T = Total Cost of System 

A = Acquisition Cost of System 

S = Total System uifetime Operation and Support Costs 



s- 

o 

to 



let 



Cct 



Hct/U 



let = Inflation Costs of Capital Resource. 

Cct = Current Repl acement -Cost . , « ■ 

Hct = Historical, Original or Acquisition Cost of/Capital Resources 

Ly Average Life of Capital Resource . 



A = CD + CI - (M(,p + 



"ci) 



= Acquisition Cost of Systemi 
= Total Cost of Research, Design and .Development 
= Total Equipment Initial investment Cost 
r,pn = Maintainability Research, Design'and Development Cost 
M^j = Maintainability Initial Investment Cost 



A 
CD 
CI 
M 



S = 



CP. 



CP. 

cc: 
csj 
CT] 



cc. + CS. + CT^. - 

Total System Lifetime Operation and Support Costs* 

Cost of Personnel iat all Levels * 

Cost of Consumables at all Levels « 

Cost of Spares at all Levels! 

Cost of Transportation at al^ Levels 



A = 



MTBF 



MTBF + MTTR 
A Availability 
MTBP'= Mean Tirrte Between Failures' 
MTTR = Mean Time to Restore ^ 
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Ident. 1 


K * 


1 

\ • ^todels 


i 


Source 


* 


F 

« 


C = Cost Incurred at .Organization 

= Cost of Personnel 
Cq^ - Cost of Consumables 

C s Cost of-Spares - - , — 




1 


*• 


G 


"ot " ^osr-oT Transportation (.Round-Trip) \ 

v»u3 u iiiuJUircu nl Uflc r16lCI -.1^ 

= Cost of Personnel 
C^^ ^= Cost. of Consumables ' 
C^g = Cost of Spares * 1 V 
C^^ = Cost of Transportation (Rourtd-Trip) . 


1 






ST = Stock' Level (or Demand Level) 

X = Daily Demand Rate or Total Maintenance Actions per Item) x 
^ ^?se Repair) x (Repair Cycle Time)! * . 
" . md^c'^^^m" ? Rate or Total Maintenance Actions per Item) x 

nVfl .:7?^'^^?^'''T?^^*^'■^ StatioM);x (Pipeline Time or 
Order and Shipping, Time) 


6 








Which is the Safety Level Quantity 










TR^A + BD+E + F ~* - ' 
TR - Training per AFSC 

A ^ Direct Training Cost (Instructions Plus Equipment) 
B ^ Average. Training Time (Months) 
C ^ Average Grade at Time of Training 
• p s Average Monthly Pay for Grades while Training 
E s Average Travel Pay and Allowances to Trainees 
F ^ Miscellaneous Costs Connected with training 


2 






^if ^ °ij ' ^'j ' 'ij ' Pij 

hj Personf^e^ Attrition in Skill Field i and Skill Level j . 
where ij = skill designation • ♦ 
- D^j = Personnel Discharged in Skill Field i and Skill level j 
• " £^55°one Retired in Skill Field i and Skill Level j 

Jij ^ Per^soo^e Transferred out of Skill Field i and Skill Level j 
r' Pij " Pr^°""el Exited from Skill Field i and Skill Level j 
through Promotion 


7 


• 


■ * 


/' 
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Ident. 


• 

.... . • 

t Weapons 


Source 


K 


Ki. « Total - Maintenance Load per System 
Kic ^ Unscheduled Maintenance Load 

- Scheduled Maintenance Load 
M^w »-S»nv1c1ng Operations Maintenance Load 


4 


3 

l\ 


L - 


^-W : 

, MP « Manpower Burden 
MMH « Maintenance Manhours 
OH « Operating Hours 


M 


t MH-t 

K » — \ — ^ ' 

s. ag , . . 

M^ = Manning Requirements for Skill $ per Unit Operational Time 

MH + = Required Manhours per Portion of Duty or Task t requiring ^ 
* Skill a • I ■ 

a, = Personnel §k111 s Availability , 


2 


N 


. r 

Mc = MMH/OH for System S 

F? - Failure Rates of Component 1 

m] = Mean Manhours Required to Restore the System whe>i Component 1 
^ * Falls 


1 

* 


0 


M. « "l 

' ^ i 

M^ = Mean Number of Personnel at Level 1 ^ " 
, Wl » Workload for Level 1 
e] » Repairman Efficiency or^Unltstof Maintenance per Unit of Time 


z 


P 


PH « ^ X AP X N ' 

PH « Productive Hours Expended on Duty 

J = Proportion or Percentage* of Time Spent on Djjjy 

AP * Available Productive Manhours ^ J\ ^ . 
N « Number of Personnel of a Particular Skill Level Performing 
Duty . 
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Models 



N 

z a 
i 



Y « Estimated Time Required to Perform a Major Task on Unit j 
a. « Coeffictents Required to Translate the X. Into Time Elements 
- Equipment Design jCharact erls tics -1^ 



W. ^ Workload for Level 1 

T. - Mean performance Time for all Maintenance Tasks at Level 1 

= Arrival Rate of Units at Level 1 for Maintenance, or Failure 
^ Rate ^ 



8 

U 
9 
O 

in 



WLp = (F) (N) (T) . 

WLq = Workload for Duty D V 
F = Frequency of Duty Performance per Unit of Equipment 
K - Number of Units of Equipment 
L_»i^t!S5D Performance Time ger Action 



R = 



1_ \ 
1 + D/U 

R = Operational Readiness 

0*= Effective- System Downtime or Effective System Failure Rate 
U = Effective System Uptime or Effective System Repair Rate 
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Maintenance Manhours on Radar Subsystems 1.11 -2^1 

Radar Antennas - Mean Times for Organizational Adjustment l!30-9.*4 '■ 

Radar Antennas- Mean Times for Organizational Minor Repairs 1.30-9.12 
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lO (Continued) 



ORGANIZATIONAL MAINTENANCE (Continued) 

Radar Antennas - Mean -Times for Organisational Remove pnd 
* Re pi ace \ 
Radar Antennas -.Mean Times for Organizational Troubleshooting 
Radar Subsystem APQ-120 - Mean Times for Organizational Tasks 
Radar Subsystem Acquisition Cost Relation 



Radar Subsystems 
of Install only 
Radar Subsystems - 
Radar Subsystems - 
Radar Subsystems - 
Radar Subsystems - 
Radar Subsystems - 
Radar Subsystems - 
Radar Subsystems - 

Units 
Radar Subsystems - 
Radar Subsystems* - 
Radar Subsystems - 



Comparison of Organizational Frequency 

Frequency of Adjustments 

Frequency of Minor Repairs 

Frequency of Remove only Tasks 

Frequency of Remove and Replace TaskjS 

Frequency of troubleshooting 

Frequehcy of Unscheduled Actions 

Logistic Support Costs vs. Line Replaceable 

Maintenance Manhours to Adjust 
Maintenance Manhours to Install only 
Maintenance Manhours for Minor Repairs 



Radar Subsystems - Maintenance Manhours to Remove only 



Radar Subsystems 
Radar Subsystems 
Radar Subsystems 
Radar Subsystems 
Radar Subsystems 
Radar Subsystems 



Maintenance Manhours to Remove and Replace 
Maintenance Manhours to Troubleshoot 
Mean Times for Adjustment 
Times -for Minor Repairs 
Times for Remove and Replace Tasks 
Times for troubleshooting 
Times for Unscheduled Maintenance 



Mean 
Mean 
Mean 
Mean 



Radar Subsystems 

Radar Subsystems, Mean Times - Summary 
Radar Subsystems - 3ABR32231 Training Tinte 



vs. Maintenance 



Manhotirs 
Radar Transmitters 
Radar Transmitters 
Radar Transmitters 
Radar Transmitters 
Radar Transmitters 



- Mean Times 

- Mean Times 

- Mean Times 

- Mean Times 

- Mean Times . 
Task Difficulty - Time and Percent o'f Error Probability 
Time Ranges of High vs. Low Skill Performers on Functional 

Checkout 



for Adjustments 
for Functional Checkouts 
for Minor Repairs 
for Remove and Replace 
for Troubleshooting 



1.30-9.8 
1.30-9.16 
1.30-8.1 
1.11-3.1 

1*28-9.1 
1.28-9.1 
1.28-9.1 
i.28-9,.l 
1.28-9.1 
1.28-9.1 
1.28-2.1 

i. 25 -4.1 

1.11-9.2 

IJl-9.6 

1.11-9.3 

1.11-9.5 

1.11-9.4 

1.11-9.1 

1.30-2.3 

1.30-2.3 . 

1.30-2.3 

1.30-2.3 

1.30-2.1 

1.30-9.1 

1.19-11.1 

1.30-9.5 

1.30-8.2 

1.30-9.13 

1.30-9.9 

1.30-9.17 

•III. 6-40.1 

I I I. 6-40. 5 



p ■ ' /" V 

PERFORMANCE 

Avionics Subsystems - High and Low Skill Performance Times for 
Intermediate Functional Checkouts t^.,«,c fn. in.b-w.t^ 

Avionics Subsystems - High and Low Skill Performance Times for 
Organizational Functional Checkouts ui.o-'tu.o 
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£ (Continued) 



PERFORMANCE (Continued) 

Check Task Time ^Difference 

Equipment 
Electrical Synchronizers 
Electrical Synchronizers 

Adjustments 
Electrical Synchronizers 

Minor Repairs 
Electrical Synchronizers - Mean Times 

Remove and Install 1 
Electrical Synchronizers - Mean Times 

Troubleshooting 
Indicator Scopes - Mean 
Indicator Scopes - Mean 
indicator Scopes 
Indicator Scopes 
Install 

Indicator Scopes - Mean Times for Organizational Troubleshooting 
Job Performance vs. Experience Level 
Mean Performance Times by Task Type - Summary of Findings 



Automatic vs« Standardjest 

Mean Times for Intermediate 
Mean Times ,for Organizational 

Mean Times for Organizational 

for Organizational 

for Organizational 



- Mean 
Mean 



Times 
Times 
Times 
Times 



for Intermediate 
for Organizational 
for Organizational 
for Organizational 



Adjustments 
Minor Repairs 
Remove and 



Mean Times for Skill Levels 3, 5 and 7 for Preventive, 

Corrective and Troubleshooting 
Number of Steps 'in Functional Checkout vs. 
Preventive Maintenance Time vs^ Technician 



Radar Antennas - 
Radar Antennas - 
Radar* Antennas • 
Radar Antennas - 

Install 
Radar Antennas - 
Radar Subsystems 
Radar Subsystems 
Radar Subsystems 
Radar Subsystems 



Mean Times for 
Mean Times for Organizational 
Mean Times for Organizational 
Mean Times for Organizational 



Performance Time 
System Experience 
Intermediate 



Adjustment 
Minor Repairs 
Remove and 



Meap-^^Hmes for Organizational Troubleshooting 
APO-120 - Mean Times for Organizational Tasks 
-Mean Times for Intermediate 

- Mean Times for Organizational 

- Meaf) Times for Organizational 
Radar Subsystems -^Mean Times for Organizational 
Radar Subsystems - Mean Times for Organi^zational 



Adjust 

Minor Repairs 
Remove an(l 



Install 
Radar Subsystems - 
Radar Transmitters 
Radar Transmitters 
Radar Transmitters 
Radar Transmitters 
Radar Transmitters 
Radar Transmitters 
Radar Transmitters 
Radar Transmitters 

Replace Task^ 
R^adar Transmt 
Troubleshooting 



Mean Times^ for Organizational Troubleshoot 
- Mean Times for Field Functional Checkouts 
for Intermediate 
for Intermediate Bench Checks 
for ^Intermediate Repairs 
for OrgsfTThsational Adjustments 
for Organizational 
for Organizational 
for Organizational 



- Mean. Times 

- Mean Times 

- Mean Times 

- Mean 

- Mean 

- Mean 

- Mean 



Times 
Times 
T.imes 
Times 



Checkouts 
Minor Repairs 
Remove and ^ 




Mean Times for Organizational 



111. 5- 36. 4 
1.30-5.1 ^ 

I.30-9v2 

1.30-9.10 

1.30-9.6 

I.30-9J4 
1.30-5.1 
1.30-9.3 
1.30-9.11 

1.30-9.7 
1.30-9.15 

111. 6- 40. 12 
1.30-9.1 

III. 6-40*7 

111. 5- 36. 2 

111. 6- 40. 9 
1.30-5.1 
1.30-9.4 
1.30-9.12 

1.30-9.8 

1.30-9.16 . 

1.30-8.1 

1.30-2.2 

1.30-2.1 

1.30-2.3 

1.30-2.3 

1.30-2.3 

1.30-2.3 

1.30-8.3 

1.30-5.1 

1.30-9.18 

1.30-9.19 

1.30-9.5 

K3D-8.2 . 

1.30-9.13 

1.30-9.9 * 

1.30-9.17 
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> (Continued) 

PERFOfyiANCE (Continued)* ^ \ 

Task Difficulty - Time Difference for High vs. Low Skills 
Task Difficulty - Time* and Percent Error Probability - 
' Intermediate l l ., 

Task Difficulty - Time and Percent Error Probability 

Organizational ' ' ^ . ^ ^ 

Time and Errors vs. Number of Steps in Checkout 
Unit Replacement Time vs. Numoer of Components Manipulatea 



PERSONNEL ABILITIES 

(See QUALIFICATIONS) 



PERSONNEL MANNING 

Convarison of Specialties, Skill Levels and Numbers of 

Maintenance Personnel - 1945 vs. 1967 
Fire Control Systems - Comparison of Manning 
Microelectronios Effect on Hardware Reliabiliy, Maintenance 

and Personnel 



PERSONNEL APTITUDE 

(See QUALIFICATIONS) 



PERSONNEL QUALIFICATIONS 
(See QUALIFICATIONS) 



POSITIONS 

(See Air Force Specialty Codes [AFSCs 



P (Continued) 

POWER OFF INSPECTIONS 

(See OCCUPATIONAL DUTIES) 



♦ QUALIFICATIONS 

, Enlistee AFQT and AQE Scores for 1970 through 1973 
Enlisted AFQT Scores for 1970 through 1973 ' 
Enlistee Range of AQE Scores for 1970 through 1973 
High Scores on AQE for 1970 through 1973 

• : I- 

QUANTITIES 

(See SKILLS) 

(See PERSONNEL MANNING) 



R . 

RADAR ANTENNAS 

Comparison of Logistic Support Costs 

Comparison of .Mean Times for Adjustments 

Comparison of Mean Times for Intennediate Maintenance 

Comparison of Mean Times for -Minor Repairs 

Comparison of -Mean Times for Remove and Install 

Comparison of Mean Times for Troubleshooting 
Training Time of 3ABR 32231 

Work-Coded Components vs. Intennediate Maintenance 



r ■ 
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n.1-8.2 

II. 1-8.1 . 
II. 1-8.3 

n. 1-8.4 



1.25-5.1 

1.30-9.4 

1.30-5.1 

1.30-9.12 

I 30-9.8 

1.30-9.16 

1.19-8.2 

1.11-4.3 



- Install only Tasks 
Maintenance 

- Minor Repairs 

- Remove and Replace 

- Remove only 
Troubleshooting 



RADAR SUBSYSTEMS 

Acquisition Costs vs. Logistic Support Costs 

Intermediate Maintenance Manhours 

Frequency"-«f-flf5anizational Adjustments 

Frequency of Organizational 

Frequency of Organizational 

Frequency of Organizational 

Frequency of Organi2ati^)naV 

Frequency of Organizational 

Frequency of Organizational 

Line Replaceable Units (LRUs) 
. Line Replaceable Units vs. Manhours - Organizational 

Logistic Support Costs vs. Line Replaceable Units 

Logistic Support Costs vs. Work-Coded Components . 

Maintenance Manhours to Adjust - Organizational 

Maintenance Manhours to Install only - Organizational 

Maintenance Manhours vs. Logistic Support Costs 

Maintenance Manhours for Mi hor Repairs - -Organizational 

Maintenance Manhours -Organizational * ' 
, Maintenance Manhours to Remove only - Organizational 

Maintenance Manhours to' Remove and Replace - Organizational 

Maintenance Manhours" to Troubleshoot- Organizational 
Mean Times to Adjust - Organizatipnal 
, Mean Times, Intermediate Maintenance 

Mean Times, Minor Repairs - Organizational 

Mean Times, Organizational Maintenance 

Mean Times, Remove -and: Replace - Organizational 

Mean Times', Troubldshoot' - Organizational 

Subsystem APQ-1 20, ^Mean Times for High and Low Skills on 
.Operations Check jand Calibrate/Adjust Tasks, Organizational 

Subsystem Acquisition Cost 

Subsystem Acquisition Cost vs. 
Intermediate 

Subsystem Acquisition Cost vs. 
Organizational 

Training Time for 3ABR32231 vs. 

Training Time for 3ABR32231 vs, 

Work-Coded Components 

Work-Coded Components 'Vs . Maintenance Manhours - Intermediate 



Maintenance Manhours 

Maintenance Manhours - 

Organizational Manhours 
Subsystem Ac%isition Cost 



1.25-3.1 
1.11-2.2 
1.28-9.1 
1.28-9.1 

1.28-2.1: 

1.28-9.1 

1.28-9.1 

1.28-9.1 

1.28-9.1 

1.4-2.1 

1. 11-4.1 

1. 25-4.1 , 

I.25-4.€ 

1.11-9.2 

1.11-9.6 

1.25-1-1.1 

1.11-9.3 

1.11-2.1 

1.11-9.5 

1.11-9.4 

1.11-9.1 

1.30-2.3 

1.30-2.2 

1.30-2.3 

1.30-2.1 

1.30-2.3 

1.30-2.3 

i 

1.30-8.1 

1.3- 2.2 

1.11-3.2' 

1.11-3.1 
1.19-11 .1 
1.19-3.1 

1.4- 2.2 
1.11-4.2 



ERIC 



RADAR TRANSMITTERS 

Logistic Support Costs . 

Meart Time's for Field Functional Checkouts of APp-120 and 

APQ-109 - High vs. Low Skill ^-f . 1.30-8.3^ 

Mean Times for Intermediate Bench-Checks J' ^ 1.30-9.18 

Mean Times for Intermediate Maintenance r ' J'on'o iq 

Mean Times for Intermediate Repairs 1.30-9.19 

'■■ ' ^ ' * ■ ■ 
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R (Continued) 



RADAR TRANSMITTERS (Co^itinued) 

Mean, times for Organizational Adjusttnents 1.30-9.% 
Mean Times for Organizational F.unctional Checkouts of 

APQ-120 and APQ-109 - High vs. Low Skill , - 1.30-8.2 

' Mean Times for Organizational Minor Repairs . ' 1.30-9.13 

Mean. Times for Organizational Remove and Replace 1.30-9.9 

Mean Times for Organizational Troubleshooting 1.30-9.17 

Training Time for 3ABR32231 1.19-8.5 

Work-Coded Components vs. Intermediate Maintenance I.'ll-4!6 



REENLISTMENTS 

(See RETENTION) %j. 



RELIABILITY ' - 

Microelectronics Effect on Hardware Reliability, Maintenance 

and'Personnel ' H ^-3 1 

/ - ; 



REMOVE AND INSTALL 

(See REMOVE-AND-REPLACE) 

REMOVE-AND-REPLACE i 

Electrical Synchronizers - Mean Times for Organizational 1.30-9*6 

Indicator Scopes - Mean Times for OrganizationaT 1.30-9.7 

Radar Antennas - Mean Times for Organizational- 1.30-9.8 

Radar Subsystems - Organizational Manhours 1.11-9.4 

Radar Subsystems - Organizational Frequency 1.28-9.1 

Radar Subsystems - Organizational Mean Times 1.30-2.3^ 
Radar Transmitters - Mean Times for Organizational • 1.30-9.9 



REMOVE ONLY 

Radar SiMystems - Organizational Frequency ' 1.28-9.1 

^ Radar Subsystems - Organizational Manhours 1.11-9.5 
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R {Continired) 



REPAIRS 

(See also OCCUPATIONAL DUTIES) 

Radar Transmitters - Mean Tintes for Unscheduled Intermediate' 
Repair Time vs. Technician Systeiu Experience 



1.30-9.19 . 
III. 6-40. 1( 



SEMIAUTOMATIC TEST EQUIPMENT (SATE) 
(See TEST EQUIPMENT) 



SKILLS . • 

Fire CbritroJ Systems - Calibration and Maintenance of Test 

Equipment - Skills vs. Time 
Fire Control Systems - Electronic Maintenance^ and Repair - 

Skills vs. Time Spent 
Fire Control Systems - Field Shop ,Chex:kout and Adjustment r 

Skills vs.* Time ^ent 
Fire Control Systems - Field Shop Repairs - Skills vs. 

Tiriie^pen,t 

Fire Control Systems - Flight-Line Checks and Adjustment - 
SkillsVs. Time Spent ( , 

Fire Control Systems - Maintenance vs. Skill Level Aviilability 

Fire .Control Systems - Power Off Inspections -. Skillst^vs. 
Time Spent 

Manning on Fire' Control Systems 

Manpower Inventory of Avionics Career Subdivisions 321 to '326, 

Skill Levels 7 and 9 
Manpower Inventory of Avionics Career Subdivisions 321 to 326, 

Skill Levels 3, 5, 7 and 9 - 1965 to 1971 
Manpower Inventory of Avionics Career Subdivision 326XX, 

Skill Levels 3,. 5, Z and 9 - 1966 *to 1978 
Manpower Inventory of Avionics Career Subdivision 322XX, 

Skill Levels 3. 5, 7 and 9 - 1966 to 1978 
Manpower Inventory Grouped by Years of Service and Grade Levels 
Mean Times for High and Low Skills on Functional Checkouts for 

APQ-12J0 and APQ-109 Transmitters, Field 



1.26-8.6 

1.26-8.1 

1.26-8,5 

1.26-8.4 

1.26-8.3 
I.ll-St..l 

1.26-8,2 

I. 8-2.1 

II. 2-8.1 
II. 2-8. 2 

• II. 2-8. 3 

n.2-8.4 
II. 2-31.1 

1.30-8.3 
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SKILLS (Continued) • « 

Mean Times for High and Low Skills on Functional Checks 

APQ-120 'and AP.Q-109 Transmitters ; Organizational 
Mean Times for High and Low Skills on Functional Checkouts 

for Avionics Subsystems, Intermediate 
Mean Times for High and Low Skills on Functional Checkouts 

for Avionics Subsystems, Organizational 
Mean Times for High and low Skills on Operations Check and 
Calibrate/Adjust Tasks - Radar Subsystem APQ-120, 
Or»ganizational ' 
Microelectronics Effects on Flight-Line Skill Levels 
Microelectronics Effects on Required Shop Personnel Skill Lev 
• Specialties, Skill Levels and Numbers of Maintenance Personne 
Required - 1945 vs. 1967 
Task Difficulty - Time and Errors, High and Low Skills, 




Intermediate 
Task Difficulty 

Organizational 
Task Difficulty 

Technician Understanding - AFSC Level 



Time and Errors, High and Low Skills, 
Time Differences for High and Low Skills 



I. 30-8.2 
III. 6-40. 6' 
HI. 6-40. 5 

U 30-8.1 
1.5-3.2 

II. 5-3.1 

II. 2-31. 2 

III. 6-40. 2 

III. 6-40.1 
1 1 1. 6-40. 3 
III.6-40.4 



TASKS 

• (See OCCUPATIONAL DUTIES) 
(See also Specific Task - TROUBLESHOOTING, ADJUSTMENTS, 
.MINOR REPAIRS, REMOVE AND REPLACE, REMOVE ONLY, INSTALL ONLY) 



TASK COMPLEXITY 

(See also TASK DIFFICULTY) 

Microelectronics Effects 1 1. 5-3. 2 



TASK DIFFICULTY 

(See .also TASK COMPLEXITY) 

Task Difficulty - Time Differences for High and Low Skills III. 6-40. 3 
Task Difficulty - Time vs. Percent of Error Probability - 

Intermediate Maintenance 1 1 1. 6-40. 2 
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T (Continued) 



TASK DIFFICULTY (Continued) , . ^ ' o k.K,-nfw 
Task Difficulty - Time vs. Percent of Error Probability - 
Organizational Maintenance • 




TASK /STATEMENTS . ; 

(See OCCUPATIONAL DUTIES) 



TECHNICAL TRAINING 
(See TRAINING) 



TEST EQUIPMENT H 5.3,2 

Microelectronics Effects j j t«,.+ 

Time Difference - Check Task. Automatic vs. Standard Test 

Equipment 



TIME 

(See PERFORMANCE) 



TIME PERIOD 



(See specific Subject such as RETENTION, MANPOWER INVENTORY,- 
etc.) 4 



TRAINING 

Cost increase in Electronic and Aircraft Maintenance 

Fundamentals - 1952 to 1967 - oAon«9.i ^ . 19-8.3 

Electrical Synchronizers - Training Time for 3ABR32231 _ -ly o-;^ 

Fire control Systems - Training Costs for 3ABR32231 ' .2Z-Z. 

Fire Control Systems - Training Time for 3ABR32231 • y 

Indicator Scope - Training Time for 3ABR32231 n i 
' Microelectronics Effect on Required Shop Personnel Skill Levels II. 5-3.1 
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T (Continued) 



TRAINING (Continued) 

Number of Steps in a Functional Checkout vs. Mean Number 
of Errors 

Number of Steps in a Functional Checkout vs. Performance Time 
• Radar Antennas - Training Time for 3ABR32231 

Radar Subsystems - Training Time for 3ABR32231 vs. 

Organizational Manhours 
Radar Subsystems - Training Time for 3ABR32231 vs. 

Acquisition Cost ^ 
Radar Transmitters - Training Time for 3ABR32^31 . 



III. 5-36.1 
III. 5-36. 2 
1.19-8.2 

1.19-11.1 

I.T9-3.1 
1.19-8.5 



TRAINING COST 

(See TRAINING) 



TRAINING EQUIPMENT 

(See ENGINEERING SIMULATION) 



TRAINING TIME 

(See TRAINING) 



TRANSFER OF TRAINING 

(See ENGINEERING SIMULATION) 



TRANSMITTERS 

(See RADAR TRANSMITTERS) 



V 



TROUBLESHOOTING 

Electricdi Synchronizers - Mean Times for Organizational 
Indicator Scopes - Mean Times for Organiz&tionfl 
Mean Time* for Organizational 

- Frequency, Organizational 

- Mean Times for Organizational 

- Organizational Maintenance Manhours 



Radar Antennas - 
Radar Subsystems 
Radar 'Subsystems 
Radar Subsystems 



Radar Transmitters - Mean Times for Organizational 



1.30-9.14* 
•1.30-9.15 
1.30-9.16 
I ?8-9.1 
1.30-2.3 
1.11-9.1 
I.JO-9.17' 
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UNSCHEDULED MAINTENANCE 

(See ORGANIZATIONAL MAINTENANCE) 
(See INTERMEDIATE MAINTENANCE) 
. (See MAINTENANCE) 



WEAPON CONTROL SYSTEMS 

(See CONTROL SYSTEMS) 
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